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"It is striking how the patient's and their parent's concern over 
the disability is masked. When first seen in the outpatient depart-
ment and accepted for operation their true feelings become more 
apparent, though restrained. It is only after operation that their 
real feelings are manifest. There is a reluctance on their part to 
believe that surgery can offer anything because they have been 
repeatedly told that nothing can be done. Many of them had pro-
longed treatment in physiotherapy outpatients departments with 
little or no improvement, and an attitude of laissez faire exists. 
These children are often very conscious of their defect. They are 
shy of their complaint; boys frequently undergo teasing at school 
and girls feel handicapped, particularly as they reach adolescence. 
It has impressed us at their first follow-up how they volunteer a 
sense of well-being and improved exercise tolerance. This latter is 
very constant" 
E.F. Chin 
BrJ Surg 1957;129:360-376 
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1.1. Introduction and aims of the study 
Pectus excavatum is the most common deformity of the anterior chest wail. Operative cor-
rection is undertaken mainly for cosmetic and psychological reasons [1,2,3.4]. However, it 
is striking that the role of these reasons in the indication for surgery has received little scien-
tific attention. General improvement after surgery is common, but statistical comparison 
of preoperative and postoperative psychological/cosmetic symptoms has rarely been per-
formed [5]. Surgical correction is also undertaken for cardiorespiratory complaints 
[6,7,8,9,10]. Postoperative relief of these symptoms is common. 
A large variety of operations for correcting the deformity have been described. 
Most of the present day operations are modifications of the procedure described by Ravitch 
in 1956. Considerable controversy exists concerning the indications for surgery and the sur-
gical technique and many series present relatively few patients and lack any comprehensive 
long-term follow-up [11,12]. Furthermore, the varying definitions of satisfactory and poor 
results, the lack of an accurate evaluation of the severity of the deformity and the cardio-
respiratory deficit, and the lack of an estimation of a relationship between the functional 
variables and the degree of the deformity, make comparison more complex [13]. Different 
opinions exist about the optimal age for surgery but a significant relationship has never been 
clearly established with the postoperative results. 
Based on these considerations, we decided to conduct a retrospective analysis on 
the long-term results of an osteochondroplastic procedure and the optimal age for surgery. 
For this purpose, patients who underwent this operation, which has remained unchanged 
over the years, between 1970 and 1987 at the University Lung Centre Nijmegen 
Dekkerswald, were evaluated clinically. 
Controversies in the treatment of pectus excavatum patients are partly due to dif-
ficulty with accurately quantifying the severity of the deformity, which is important to defi-
ne the indication and to facilitate the postsurgical comparison. We therefore assessed the 
clinical applicability of the measurements as described by Derveaux in 1989 [14] both retro-
spectively and prospectively, i.e. the anteroposterior diameters of the chest were considered 
in relation to a patient's size and age. The quantification of the degree of deformity was used 
to assess its relation to lung function and exercise study variables. The preoperative and 
postoperative comparison also enabled us to evaluate any signs related to pectus excavatum 
on the posteroanterior chest films. 
Although some studies attributed symptomatic improvement after surgery to a 
demonstrable increase in the inspiratory vital capacity (JVC) and total lung capacity (TLC) 
[15,16], more recent studies, in contrast, reported a significant reduction in the IVC and 
TLC, when expressed in per cent predicted following cosmetically successful correction 
[17,18,19,20]. This controversy, which is important with regard to the indication for sur-
gery, induced us to perform a retrospective evaluation of the lung function of our patients 
to assess whether and to what extent pulmonary function was impaired in pectus excava-
tum and to investigate the changes in pulmonary function induced by surgical correction. 
Studies which used dynamic cardiorespiratory measurements have suggested a 
decrease in cardiac filling [21], the stroke volume [22] and work performance [17] in pec-
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tus excavatum patients and an improvement in exercise tolerance and cardiorespiratory 
function after surgery [10,16,22]. However these series were small, the surgical techniques 
and study protocols differed and follow-up studies were not performed at a defined time 
after surgery, thereby neglecting changes in somatic growth, physical fittness and changes 
in self-perception which may have occurred between the preoperative and postoperative 
assessment [13,20]. Therefore, we prospectively analysed the exercise cardiorespiratory 
function of 35 patients before and one year after surgery. 
In summary, the objectives of this study were: 
1. To analyse the long-term results of an osteochondroplastic procedure for the correction 
of pectus excavatum, without the use of external or internal support. 
2. To evaluate factors which influenced the outcome. 
3. To define indications for surgery. 
1.2. General information. Review of the literature 
1.2.1. DEFINITION 
Pectus excavatum (English: Funnel Chest; German: Trichterbrust, Schusterbrust, 
Schneiderbrust; Dutch: Trechterborst, Schoenmakersborst; French: Thorax en entonnoir; 
Derived from the Greek: Chone-chondrosternon, koilostcrnia) is characterized by a poste-
rior sternal depression and distortion of the adjacent costal cartilages which begins near to 
the manubrial sternal junction and reaches it deepest point at the xyphoid [23]. The defor-
mity is commonly noted soon after birth, but the feature of greatest importance is the ten-
dency towards progression [9,24]. 
In Latin pectus means breast and excavatum means hollow. However, the condition docs 
not consist of hollowing of the chest, but more of a depression of the lower portion of the 
sternum and the costal cartilages [24]. Therefore the name does not adequately describe the 
condition, but as pectus excavatum has been so widely used in the literature, we have opted 
to follow this trend. 
1.2.2. INCIDENCE 
Pectus excavatum is probably the most common of the numerous malformations of the 
chest wall for which patients are referred to special units for surgical correction. Among the 
441 patients with chest wall deformities in the series studied by Hecker in 1981 [25], 85% 
had funnel chest, 11% pigeon breast and 4% had combined funnel-pigeon breast. In 1988 
Haller [26,27] also found that more than 90% had pectus excavatum and less than 10% 
pectus carinatum [25,27]. In contrast, one third of the 210 patients reported on by Lacquet 
in 1987 [4] underwent chest wall repair for carinatum defects. 
Eichhorst [28] found 6 cases of pectus excavatum among 14,000 patients who he 
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examined over a period of 7 years, which represents an incidence of 0.04 per cent. Lang [29] 
found pectus excavatum in 3.5% of children in their first year at scool. In a survey on 
30,000 persons from the general population, Nowak [30] found 12 cases (0.14%) of pec-
tus excavatum. In 1953, Vogelsang [31] reviewed the literature on this subject and noted 
an incidence of 0.097% or "approximately 1 patient in every 1000 who consulted a physi-
cian". The incidence in Vogelsang's series of cardiac patients was considerably higher: 5 out 
of 855 patients, which represents an incidence of 0.585%. Schaub [32] found 16 cases of 
funnel chest among 690 students (2.3%). At the outpatients department of the Boiling Air 
Force Hospital in Washington, ten cases of pectus excavatum were found among 22,257 
children, which represents an incidence of 0.04 per cent [33]. Clark [34] examined 15,000 
individuals and noted an incidence of 7.9/1000. Gall [35] found an incidence of 1.7% in 
1102 children of school age. Guller [36] reported an incidence of 0.4% in school children 
who were attending the Mayo Clinic. A mass survey on school children performed by Wada 
[37] in northern Japan in the late 1950s, indicated an overall prevalence of 0.2%. 
The gender incidence according to Eichhorst [28] shows male predominance of 4 
to 1. In 1909 Ebstein [38] collected ninety seven cases of funnel chest from the literature, 
of whom eighty-seven (89.7%) were male and ten (10.3%) were female. On the basis of 
268 collected cases in which the sex was stated, Ochsner [24] calculated a ratio of almost 
4:1. Oelsnitz [39] reported a ratio of 2:1, while Clark [34] reported a male:female ratio of 
2:1. In 1987, Lacquet [4] found a male to female ratio of 3:1 (for pectus excavatum 2.9:1; 
for pectus carinatum 3.2:1). Among 1236 unselected consecutive patients operated on by 
Wada at the Department of Thoracic Surgery of Tokyo's Women's Medical College, 77% 
were male and 23% female; among 354 patients seen at the Sapporo Medical College, 80% 
were men and 20% were women, which represents a ratio of four to one [37]. 
1.2.3. HISTORY 
Historically, the credit for presenting the condition to the profession as a clinical entity and 
for the first use of the name now so generally employed, goes to Wilhelm Ebstein [40], who 
in 1882 summarized the reports of 5 cases in the literature, coordinated them as a single 
disease picture and used the word 'Trichterbrust' to describe the clinical entity. 
Another case had been reported prior to the publication by W. Ebstein, but he did 
not refer to it. This was the case of Williams, recorded in the 'Transaction of the 
Pathological Society of London' for 1872 [41]. When discussing the history of pectus exca-
vatum, practically all the authors [40,42,43] referred to the anonymous communication, 
entitled "Difformité Thoracique", which appeared in the Gazette des Hôpitaux in 1860 
[44] as the first description of funnel chest ("en forme entonnoir"=in the form of a funnel). 
In March ofthat same year, Wolliez [45] described the case of Heinrich Wojaczek, 
a young Viennese medical student. He reported considerable deformity and estimated that 
distance between the anterior surface of the spine and the posterior surface of the sternum 
at the deepest part was only 1 cm. This severe deformity was discovered during routine exa-
mination. The young man, 23 years of age, was in excellent health and had never suffered 
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from any cardiac or pulmonary symptoms. It is also interesting to note that for many years, 
this same Heinrich Wojaczek exhibited himself at the various European clinics. 
Over subsequent decades occasional reports appeared on isolated or comparitive-
ly small groups of cases. In 1909, Erich Ebstein, the son of Wilhelm Ebstein, made an 
exhaustive study of the literature [38]. Although he collected 97 previously reported cases, 
his work was essentially a discussion of the various theories regarding the etiology of pectus 
excavatum and was incomplete from a clinical point of view. 
However, a very interesting note was contributed by the same author in 1921 on 
the historical aspects of this subject [42]. In his paper "Zur Geschichte der familiären 
Trichterbrust" he highlighted the description of this clinical entity which had appeared at 
the end of the sixteenth century br referrering to a very brief observation made in the prin-
cipal work of the Freiburg physican Johann Schenk of Graefenberg (1531-1598). He also 
collected literature on a large scale and communicated about this subject with the foremost 
correspondents of his time. He quoted Johann Bauhinus (1541-1613), who described the 
principal clinical symptoms: difficulty with breathing, associated with coughing and in-
creasing to paroxysms of suffocation. 
Doubtless, the funnel-shaped breast described in those early years [46] as "a rare 
deformity of the thorax" was not actually as uncommon as early authors presumed. 
1.2.4. ETIOLOGY 
Th etiology of pectus excavatum has been attributed to various factors. 
The familial incidence of the condition is well-established. Peiper [47], Nowak 
[30], Snyder [48], Stoddard [49], Sainsbury [50] and Elisberg [51] have reported families 
with this disorder transmitted as an autosomal dominant trait through three and four gene-
rations of nonconsangineous marriages (Fig. 1) [51]. Nowak [30] described this condition 
in two to four generations in 12 families; a skip of generation was noted in 5 families. In 
1955, Battaglia [52] reviewed the literature with respect to consanguinity, and concluded 
that it is a hereditary deformity. In his extensive series of patients operated on for pectus 
excavatum, Ravitch [9] commonly found familial incidence. Nevertheless, most of the 
patients appear to represent isolated or sporadic cases. The high ratio of sporadic cases 
reported might be an artifact due to difficulty with detecting mildly affected cases, geogra-
phic isolation of relatives resulting from (im) migration, the ease of hiding the anomaly 
under clothing, the reluctance of revealing this condition to the next generation in some 
cultures and the lack of any associated symptoms. 
As the deformity has frequently been observed at birth, various suggestions have 
been put forward in the past century concerning the intrauterine development of funnel 
chest. Eggel [46] believed that it was due to a nutritional disturbance, which caused softe-
ning of the sternum and permitted it to be depressed by respiratory motion. Intrauterine 
pressure on the chest from for example a knee, elbow, hand, jaw, etc., was mentioned as a 
cause, but this theory was soon rejected by Wolliez in 1860 [45] and again Bien in 1912 
[53]. Ribbert [54] suggested the possibility of extrauterine pressure as the cause. It was also 
S 
The Journal of Heredity 
FOUR GENERATIONS OF "HOLLOW CHEST' 
Fig. 1. Genealogy of a family with four generations with pectus excavatum. The solid symbols 
represent individuals with deep depression; the half solid symboh represent slight depression. 
From: StoddardSE. JHered 1939;30:139-141. 
thought to be a manifestation of fetal rickets [55] and syphilis [56]. Numerous authors 
[40,53,57-60] believed it to be the result of the intrauterine arrest of development of the 
sternum. 
The 'aquired' type of pectus excavatum has been ascribed to rickets ([24,57,61], 
poliomyelitis [57,62] and syphilis [61]. It has also been considered to be a constitutional 
defect in the asthenic habitus, as is seen in neurocirculatory asthenia [63]. In 1911, Groedel 
pointed out the similarity between the symptoms of persons with neurocirculatory asthe-
nia and funnel chest [64]. The defect was noted in tall, thin, nervous persons [65] and in 
children of slender build and faulty posture [61]. It was also seen in association with 
progressive muscular paralysis [66]. Laewen [67] noted the development of pectus excava-
tum after dividing both rectus abdominis muscles to creata an anus preaternaturalis of the 
transverse colon. Andrus [68] felt that the thoracic cage deformity could be accounted for 
by congenital failure of the expansion of a lobe of a lung or by very early collapse with ate-
lectasis. It was noted that any laryngeal obstuction sometimes resulted in funnel chest ("the 
adenoid chest syndrome") 
[69-72]. Relief of upper airway obstruction by tonsillectomy and adenoidectomy or surgi-
cal treatment of laryngomalacia resulted in resolution of the pectus excavatum 
[24,72-74]. Unexpected difficulties may occur with extubation in patients with pectus exca-
vatum who undergo elective intubation and may require repair of the pectus deformity in 
order to alleviate any airway distress [75]. In asthmatic children pectus deformities were 
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found to be 2 to 3 times more prevalent even when compared to the highest ratio of the 
normal population [76]. Thorax deformities are seen more frequently in patients with an 
earlier primary onset, long duration and a more severe course of asthma [76]. Funnel chest 
can also be the result of pressure applied for long periods against the anterior surface of the 
chest and can be considered as a professional disease in cobblers, who use their sternum as 
a working surface when cutting leather and hammering shoe soles. In 1946, Evans [59] 
referred to an early report on cobblers chest published by Laennec in 1819. In Brasil this 
condition is called "peito de sapateiro" = cobblers chest. In the series of 22 cases of pectus 
excavatum encountered by Wolliez [45] there were "only" three shoemakers who were so 
generally considered to be predestined to acquire this deformity. Kloetzel [77] investigated 
44 cobblers with a working life of 4 to 45 years, as well as a group of 46 controls. Various 
chest dimensions were studied and only the depth of the sternum was found to be signifi-
cantly different between the two groups. The deformity also correlated well with the lenght 
of the cobbler's working life. Funnel chest very rarely has a traumatic origin. Alexander [78] 
described two cases of traumatic chronic pectus excavatum and its specific surgical treat-
ment. A pectus deformity developed in one case after wrestling trauma and in the other case 
after an automobile accident. The pectus excavatum was not present previously. 
In 1971, Geisbe [79] reviewed the literature on the etiology and summarized the 
various theories after dividing them into three main groups, i.e. the retraction theory, the 
theory of overgrowth (" Wachstum") and the theory of sternocostal dysplasia. 
The retraction theory is based on the direct, enforced pull of the diaphragm on 
the lower part of the sternum [6,45,69,80,81] as well as on negative pressure in the anteri-
or mediastinum which sucks in the body of the sternum as a result of displacement of the 
heart to the left [71,82]. 
Wolliez [45] considered permanent contracture of the central tendon of the 
diaphragm, as in Dupuytren's contracture, to be responsible. In 1939, Brown [80] advan-
ced a diaphragmatic theory in which he drew attention to a 'substernal ligament', which he 
held responsible for the dorsal displacement of the xyphoid and adjacent costal cartilages. 
This theory was strongly seconded by Lester [69] who also attributed the difficulty to shor-
tening of the anterior tendon of the diaphragm. Brodkin [81] was of the opinion that the 
anterior portion of the diaphragm had suffered developmental arrest and resulted in a defi-
ciency of the musculature of this portion. Both depression and protrusion of the anterior 
chest wall should be ascribed to abnormal inspiratory contractions of this abnormal dia-
phragm. He observed diminished inspiratory sternal retraction on the homolateral side fol-
lowing procain injection into the phrenic nerve [83]. Chin [6] was of the same opinion and 
also noted almost complete disappearance of inspiratory sternal retraction when the dia-
phragm has been paralysed by curare. In an effort to confirm Brodkin's theory, Chin [6] 
took muscle biopsies from the anterior portion of the diaphragm and also took biopsies 
from controls of comparable age. In the cases with funnel chest it was seen that the ante-
rior portion of the diaphragm was deficient in muscle and that it was partially replaced by 
fibrous tissue. However, in a very thorough study on the etiology of pectus excavatum, 
Mullard [84] postulated so many clear and logical objections to the theory of primary 
diaphragmatic shortening that it has now generally been abandoned by most authors 
[9,27,85]. 
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The theory of overgrowth of the ribs as the causative mechanism for pectus exca-
vatum was first mentioned in 1873 by Flcsch [86]. He postulated that the growth of abnor-
mally long ribs with fixation of the lateral wall of the chest, would cause depression of the 
sternum. Sweet [87] drew attention to the role of exaggerated backwards growth of the 
costal cartilage. Versé [88], on the other hand, thought that the growth of an abnormal long 
sternum was responsible, as it would be pushed backwards by the ribs. Most authors now 
accept the theory of Flesch who attributed the basic responsibility for the development of 
pectus excavatum to some form of abnormal growth of the thoracic framework [9,27,85]. 
Lately, special attention has been drawn, almost exclusively in the German litera-
ture on the pathogenesis of pectus excavatum to congenital weakness of the anterior tho-
racic wall [89-94]. Günther [89] called it mesenchymal dysplasia and Maneke [90] referred 
to it as sternocostal dysplasia. Light microscopic studies on the cartilage of patients with 
pectus excavatum did not reveal any specific pathological changes [91,92]. However, when 
the histology of the cartilage of pectus excavatum patients was compared to that of'nor-
mals', Geishe [91] found that the age-dependant degeneration process of cartilage was 
advanced 10-12 years in the pectus excavatum patients [91]. Tischer [92] found the same 
characteristic shift of'regressive kataplastic' changes in cartilage to a younger age group but 
they were found to occur 5 years earlier. The degree of degeneration was found to correla-
te with the severity of funnel chest [91]. In the costal cartilage of pectus excavatum patients 
Geishe [91] also found increased activity of the enzymes hexosaminidase, glucuronidase and 
acid cardoxipeptidase, which are responsible for the catabolic metabolism of mucopoly-
saccharides. Mucopolysaccharides, together with scleroproteid-collagcn, provide the 
mechanical properties of cartilage. Possibly, an inborn error in the metabolism of cartilage 
and bone can be held responsible for the change in the mechanical quality of the costal 
cartilage and sternum [79,92]. On the basis of clinical studies on patients with pectus exca-
vatum with or without the Marfan syndrome, Am [95] and Scherer [96] recently also hypo-
thesized that pectus excavatum may indicate the presence of an underlying hereditary 
disorder of the connective tissue (See: Associated diseases). Electron microscopic studies 
conducted by Rupprecht [93] on the cartilage of patients with a chest deformity revealed 
chondrocytes with a normal structure only at certain sites, but many degencratively altered 
chondrocytes with vacuoles of fat and osmiophilic depositions, as well as atypical fibrils and 
so-called "long-spacing collagen". Analyses of trace elements, in the same study [93], 
showed a highly significant decrease in zinc, coupled with a significant increase in magne-
sium and calcium in the cartilage of the pectus excavatum patients. Enzymes which contain 
zinc play an important role in the formation of cartilage and bone [97,98]. In contrast with 
the previous studies, both these observations were found to be independant of age. These 
findings encouraged Rupprecht to perform light microscopic studies on funnel chest carti-
lage in search of age-dependant and localization-dependent morphological changes [92]. 
He found vessels in all of the slices of the cartilage, which is unusual, as normal hyalin car-
tilage does not contain vessels. In all the stages of life analysed, there was a constant num-
ber of vessels per unit area, even in the cartilage which was not deformed. Furthermore, he 
found that with increasing age, the number of chondrocytes strongly increased within the 
single chondrons in an extraordinary way. These findings possibly indicate an increased but 
probably 'inferior' synthesis of extracellular ground substance. 
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1.2.5. CLASSIFICATION 
In 1946, Evans [59] proposed a classification which was based on the depth of the depres­
sion. He described a funnel depression which was deep and usually narrow at the apex; a 
cup depression which was moderately deep and more rounded at its apex, and a saucer 
depression which was shallower and wider (Fig. 2). Evans was mainly interested in proving 
that these patients did not have any intrinsic cardiac disease. Of the sixteen patients exa­
mined, two could be classified in the first group, eight in the second group and six in the 
third group. 
THE HEART IN STERNAL DEPRESSION 
OSKJBCB 
Normal Funnel О р г с н й т Cup Depreilion S»dO»r Deprreion 
Fig. 2. Classification according to Evans. 
From: Evans W. Br Heart J 1946;8:162-170. 
In 1957, Chin [6] distinguished between three types of deformity with remarka­
bly little overlap. Type 1 was a localized, symmetrical deformity with steep walls and angu­
lation of the costal cartilage well inside the nipple line. This acute angulation usually star­
ted at the 4th costal cartilage, and continued down to the 7th. The resulting hollowing was 
localized and was the 'type you may put your fist in'. It was unusual for the costal margin 
to roll outwards. Type 2 was more diffuse. Angulation of the costal cartilage occurred more 
laterally and there was a gentle slope to the sternum. The second costal cartilage was fre­
quently involved with the third, which continued through to the 7th. Marked rolling out 
of the costal margin was often present. The deformity resembled an inverted plateau, with 
gently sloping edges. Type 3 was basically a unilateral, asymmetrical deformity. The ster­
num was rotated and was usually tilted to the left, while a sternal depression was present 
which was more marked on the left. There was backward angulation of the ribs on the left 
and the acuteness resembled Type I. While the angulation on the right was even closer to 
the sternum and this margin was tilted forward, the costal cartilage ran well forward befo­
re it dipped and produced a carinated ridge down the right side. There was usually a deep 
groove along the left 6th interspace, which was clearly visible on inspiration. In a series of 
54 patients, Chin [6] found Type 1 in 37 (68%), Type 2 in 11 (20%) and Type 3 in 6 
patients (12%). In a series of 134 patients with pectus excavatum, Lacquet [4] found 35 
Type I (26%) deformities, 40 Type 2 (21%) and 59 Type 3 (53%) deformities. 
In 1970, Willital [99] divided runnel chest deformities into four types. Type la 
was a symmetrical, narrow, pectus deformity with a normal thorax contour, in which the 
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TYP la TYP ІЬ 
TYP IIb TYP IIa 
Fig. 3. Classification according to Willitai 
From: Willital GH. Mschr Kinderheilk 1970;118:633-639. 
funnel affected only the sternum and the adjacent cartilage. Type lb was an asymmetrical 
pectus deformity caused by axial torsion of the sternum. The thorax contour was normal. 
Type Ha compromised a platythorax and the funnel depression was a symmetrical inverted 
plateau with gently sloping edges. In Type lib the platythorax was more marked and the 
pectus deformity was asymmetrical (Fig. 3). In 300 pectus excavatum patients, Willital [99] 
found Type la in 80%, Type lb in 10%, Type IIa in 5.8% and Type IIb in 4.2%. 
It is important to pay particular attention to the type of deformity because this is 
one of the features which influences the selection of cases for surgery and each different type 
has a different cosmetic prognosis [6]. 
1.2.6. ASSOCIATED ANOMALIES 
Anterior chest wall deformities are often associated with other congenital anomalies. They 
ire occasionally associated with Marian's syndrome, but more frequently affected young 
adults with an asthenic build have incomplete Marian's syndrome, or what is called a 
Marfan-like appearance (only orthopaedic features of the Marfan's syndrome) [4]. Pectus 
:xcavatum and carinatum have also been found to be associated with cartilage-hair hypo­
plasia, homocystinuria, Morquio's syndrome, osteogenesis imperfecta, the otopalatodigital 
syndrome, Schwartz's syndrome, a Turner-like syndrome and the XO syndrome, 
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Hallermann-Streiffs syndrome, Mictcns's syndrome, the oculocerebrorenal syndrome, 
Mohr's syndrome and the XXXXY syndrome [100]. Orthopaedic, neuropsychiatrie, gener-
al and pulmonary anomalies have also been found in association with pectus deformities 
[4,39,96,101,102]. Pulmonary and allergic anomalies are also of interest such as allergic 
rhinitis, asthmatic bronchitis, mild bronchiectasis, congenital bronchial atresia and emphy-
sema and extralobar sequestration [4]. 
It is only rarely that an association has been found between pectus excavatum and 
congenital heart disease. In two early series, the possibility of an association was reported to 
be fairly high. In a series of 66 pectus excavatum patients, Edling [103] found four patients 
with congenital heart disease. In 1957, Fabricius [104] studied 26 patients with pectus exca-
vatum by means of heart catheterization and found organic heart lesions in four of them: 
two had ventricular septal defect while the other two had a patent ductus arteriosus and aor-
tic stenosis, respectively. 
Progressive deformity of the anterior chest wall and rib cage may have an undesi-
rable effect on the developing vertebral column because asymmetrical changes occur in the 
static support of the ribs, the dynamic support of the paraspinal muscles and intrathoracic 
pressures [102]. Unequal compression forces on the vertebral end-plates originating from 
the anterior chest wall deformity, may play a role in the etiology of scoliosis in growing 
children [39,102,105,106]. In a review of 234 patients with congenital scoliosis conducted 
in 1968, Winter [107] found two patients with pectus carinatum and no patients with pec-
tus excavatum. In 1975, Wynne-Davies [108] reviewed infantile idiopathic scoliosis but 
could not identify an association with anterior chest wall deformities. In 1981, Willital 
[109] found an incidence of 40-50% of scoliosis in 1,112 patients operated on for pectus 
excavatum. Scoliosis was rarely seen in children younger than 7 years of age. It was repor-
ted that the severity of scoliosis increased with age, but no patient data were given to sup-
port this statement. In a group of 596 patients with anterior chest wall deformities studied 
by Waters in 1989 [102] mild scoliosis (lateral spinal curvature >5°) was observed in twen-
ty-one per cent. The average lateral spinal deformity in 461 pectus cxacatum patients was 
15° (range 6-78°) and 16° in 135 pectus carinatum patients. In an assessment of the risk 
factors in 20 patients with curves of >20°, no importance could be attributed to the age at 
diagnosis. Eighteen patients with scoliosis and pectus excavatum required therapeutic inter-
vention which comprised bracing and/or arthrodesis. The risk factors for curves of >20° 
which required therapy, were congenital scoliosis, associated Marian's syndrome, and more 
significant thoracic hypokyphosis. When the patients with Marfan's syndrome and conge-
nital scoliosis were excluded, the incidence was still significantly higher than the 0.133 -
4.5% incidence of idiopathic scoliosis in the general population [110,111]. Longitudinal 
follow-up to skeletal maturity is indicated to define the incidence and risk of curve progres-
sion and to determine whether chest wall surgery at the proper elective age will influence 
the course of scoliosis which is often associated with pectus excavatum [102]. When kyp-
hoscoliosis was subjected to meticulous pulmonary evaluation, it was found that it did 
account for mechanical cardiorespiratory failure if the condition was severe [112]. This 
should be kept in mind when discussing the effects of chest wall deformities on cardio-
respiratory function [8]. 
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Pectus excavatum may occur as a manifestation of genetic syndromes with con-
nective tissue involvement, such as Marian's syndrome, Coffin-Lowry's syndrome and 
Noonan's syndrome. Marian's syndrome is an inherited connective tissue disorder with an 
inborn error in the protein metabolism which affects collagen and elastin. In the aorta, this 
manifests itself as cystic medial necrosis; the effect on the chest wall deformity is unknown 
[113]. Pectus excavatum occurred to some degree in about two thirds of the patients with 
Marfan's syndrome [114] and many of these patients had complications related to the dis-
order [113]. Golladay and Scherer, (in 1985 [115] and in 1989 [96] respectively), noted 
that children with pectus excavatum not associated with Marfan's syndrome usually had 
their defects from birth and certainly before two years of age, whereas children with pectus 
excavatum and Marfan's syndrome had a later onset of the deformity. In a study on the 
records of 30 patients with pectus excavatum without Marfan's syndrome, Arn [95] found 
that 17 had findings, by history or physical examination, such as mitral valve prolapse, sco-
liosis, or a relative with pectus excavatum, which suggested an underlying disorder of the 
connective tissue. 
The prevalence of mitral valve prolapse, which may present as a principal mani-
festation of a connective tissue defect in some of the hereditary disorders of connective tis-
sue [116], ranges from 15% to 18% in patients with chest wall deformities [117,118]. 
Furthermore, in 1975, Salomon [119] studied the prevalence of skeletal abnormalities in 
patients with proven mitral valve prolapse and found that pectus excavatum was present in 
62 per cent. All these findings support the hypothesis that pectus excavatum may indicate 
the presence of an underlying hereditary disorder of the connective tissue. It is therefore 
important to evaluate the body habitus of children with a late onset of pectus excavatum 
and to screen them for Marfan's syndrome, if indicated [96]. 
Deformity of the thorax affects the lung function and inversely, pathological chan-
ges in the lung function can cause deformity of the chest. Bronchial asthma which starts in 
early childhood is accompanied by dyspnoea and consecutive diaphragmatic hyperactivity, 
as well as by muscular hypertrophy and can lead to thorax deformity as a consequence of 
hyperinflation of the lungs. In 1969, Horowitz [120] showed that marked barrel chest 
deformity was closely related with radiological evidence of pulmonary hyperinflation, in-
creased lung volumes and airway obstruction. In 1970, McNicol [121] examined 276 
10-year-old asthmatic children with varying grades of asthma, who were not asthmatic at 
that time, and compared them to a control group of normal children. In the group of 
asthmatic children, 3 % showed unequivocal evidence of a chest deformity, which was com-
monly a barrel chest, but pigeon breast and Harrison's sulci were also present. Harrison's 
sulcus was recorded as a depression in the anterolateral part of the chest wall in the region 
of the costal insertion on the diaphragm. When the children rated as having only a mild 
degree of barrel chest and Harrison's sulcus were excluded, the number of children with 
unequivocal signs of a chest deformity was very small. The number was too small to demon-
strate any statistically significant difference between the astmatic children and the control 
population. Most of the subjects with an unequivocal chest deformity had Grade III asthma 
(i.e. more than 20 episodes of asthma at 10 years of age, and were still having asthma attacks 
within 12 months of the examination at 10 years of age). In 1984, Cserháti [76] performed 
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follow-up examinations on 381 young adults who had suffered from bronchial asthma in 
childhood. Thorax deformity was found in 70 patients (28 pectus excavatum, 8 pectus cari-
natum, 19 thorax emphysematicus, 15 other and combined deformities). A comparison 
between the recovered and the non-recovered asthmatic patients showed that the state of 
the thorax deformity in the non-recovered ones was significantly worse. Thorax deformities 
occurred significantly more frequently in the severely affected patients than in the total 
number of patients. In the thoracic deformity group the asthma had an earlier onset and 
persisted longer than was the case in the whole group of patients. Bronchial hyperreactivi-
ty and lung function values indicating chronic obstruction were found significantly more 
frequently in the patients with a thoracic deformity. 
Pectus excavatum has only rarely been seen in association with segmental bron-
chial anomalies. In 1980, Godfrey [122] reported on 5 children with recurrent respiratory 
illness who were also known to have pectus excavatum. In four patients, subsequent inves-
tigation demonstrated a collapsible segment in the middle third of the left main bronchus, 
which appeared to lack cartilage support and caused gas trapping in the left lung. The 
remainder of the bronchial tree was normal. In the remaining child the clinical and phy-
siological pattern was very similar. 
Recently, Van Klaveren [123] reported on two cases of congenital bronchial atre-
sia with pectus excavatum. It was suggested that in patients with congenital bronchial atre-
sia, costosternal retraction during the efforts to overcome airway obstruction due to encro-
achment of the hyperinflated segments on normal lung tissue may aggravate the natural 
course of pectus excavatum. This theory was supported by the fact that the side of the dee-
per impression corresponded with the side of the congenital bronchial atresia. 
1.2.7. DIAGNOSIS 
1.2.7.1. Introduction 
The impact of anatomical findings in pectus excavatum on cardiopulmonary function, such 
as compression of the heart between the vertebral column and the sternum [53], displace-
ment of the heart to the left [6,10,13,32,53,59,63,123] and compression of the lungs, has 
been the topic of many reports, but still no consensus has been reached regarding the deg-
ree of cardiopulmonary impairment, if any, caused by these anomalies [13]. 
Various diagnostic tests can be used to detect these anatomical deficits such as 
plain X-rays, tomography, angiography, cardiac catheterization, radionuclide angiocardio-
graphy, echocardiography, scintigraphy, electrocardiographic studies, lung function stu-
dies, exercise studies, polaroid photography, Moire topography, etc. 
Discrepancies between the results of surgical correction in various studies are at 
least partly due to the lack of any quantitative assessments of the severity of the pectus defor-
mity and of the cardiorespiratory deficit, and more importantly the lack of establishing rela-
tionships between these funtional variables and the degree of deformity [13,14]. 
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1.2.7.2. Clinical picture 
A detailed description of the salient diagnostic features of pectus excavatum was given by 
Ravitch in 1949 [125] and later by Chin in 1954 [23]. Little has been added to these inci-
sive descriptions of the funnel chest deformity in the ensuing forty years [27]. Pectus exca-
vatum is characterized by a concavity of the sternum, which begins near the manubrio-
sternal junction and reaches its deepest point at the xyphoid [23]. The costal cartilages are 
involved in the concavity at a greater or lesser distance from each side and sink downwards 
with varying degrees of abruptness, to the level of the depressed sternum [9]. 
The deformity is present at birth [9], but it is not usually noted in the first period 
of life [84]. In infancy, retraction of the sternum may be apparent only with deep inspira-
tion and is best seen when the child is crying. Later, paradoxal retraction of the sternum 
develops on inspiration. The deformity often tends to progress during childhood and beco-
me fixed in adolescence ([9,23,84]. 
The deformity is often symmetrical, but not always. If asymmetry does occur, it 
usually consists of rotation of the sternum, with the anterior surface facing towards the 
right. The sternum is displaced to the left, which pushes the heart to the left. The right 
parasternal side is more deeply sunken than the left. The right-sided depression compresses 
the right lung hilum. More laterally towards the right, there is a carinated ridge of the car-
tilagenous or osseous ribs, and on the left side a depression [6,9,23,126]. 
In time, the patient develops a characteristic posture. The ribs acquire a lateral 
flare and the chest becomes flattened and pulled down upon the abdomen. Dorsal kypho-
sis develops and the head tends to protrude forward. The appearence is that of an asthenic, 
i.e. a weak and undernourished, round shouldered (with a "hangdog" expression), hollow 
chested, pot-bellied individual [23,125,127] (Fig. 4). 
Fig. 4. Characteristic posture of a 5-year-old pectus excavatum patient showing an appearance 
of an asthenic, round shouldered, hollow chested, pot-bellied individual. 
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1.2.7.3. Symptoms 
It has frequently been stated that pectus excavatum is purely a cosmetic problem, despite 
the substantial number of publications on related symptoms [9]. In his study on the heart 
in sternal depression conducted in 1946, Evans [59], refuted the existence of any such rela-
ted symptoms and stated that the patients were handicapped only by the restrictions impo-
sed on them by a medical examination which had misinterpreted the clinical and radiolo-
gical signs. 
However, from even the earliest reports, including the first description of the clinical pre-
sentation of pectus excavatum by Bauhinus in 1594 [42], adolescents and young adults with 
severe funnel chest deformities were known to have significant complaints [27]. 
In infants and young children with pectus excavatum a history of frequent respi-
ratory infections is often present, such as bronchitis, pneumonia and sore throats [6,39,128-
132]. Inspiratory stridor in infants with pectus excavatum has been reported by several 
authors [9,128,133] and has even necessitated emergent chest wall reconstruction in some 
life-threatening cases [9,133]. Nausea, vomiting, feeding problems, malnutrition and 
underweight may also be present in these children [9,128,129]. 
Cardiorespiratory difficulties appear in adolescence and, if present, are then the 
principal complaints in these patients [129,134,135]. In 1967, Gattiker [7] reviewed the 
Scandinavian literature and found that 75% of the patients with pectus deformities had car-
diopulmonary symptoms. Complaints included shortness of breath, mainly on exertion 
[9,10,31,78,63,130,132,134,136], easy fatigability [10,21,31,63] diminition of exercise 
tolerance [6,10,31,137] and lower respiratory tract infections [8]. In a study on air force 
trainees, pneumonia was found to be more prevalent in pectus excavatum patients; fur-
thermore the incidence of pectus excavatum in pneumonia patients was greater than the 
incidence in the total trainee population [8]. Pectus excavatum patients are often incapable 
of persuing the same activities as their age contemporaries [6]. Lesser frequent complaints 
included, palpitations [31,63,134,138,139], precordial pain [31,78,63,130,140] and diz-
ziness [63]. 
Gastrointestinal symptoms are thought to be uncommon in this condition. 
However, improved eating habits and weight gain have been observed after corrective sur-
gery [128,141]. Dysphagia, especially for dry food [6,78] and the regurgitation of food 
[136] have been mentioned incidentally. Barium studies performed by Chin in 1957 [6], 
showed depression on the left side of the lower third of the oesophagus due to pressure from 
the displaced heart. 
In the second decade of life, psychological symptoms become manifest 
[5,135,142,143]. Psychological and cosmetic problems are frequently stated to be the prin-
cipal indication for operative therapy [1,2,3,4,144,145], but the extent of their role has not 
been established scientifically. Chin [6] was one of the first to stress the importance of these 
factors in 1957: "It is striking how the patient's and their parent's concern over the disabi-
lity is masked. When first seen in the outpatient department and accepted for operation 
their true feelings become more apparent, though restrained. It is only after operation that 
their real feelings are manifest. There is a reluctance on their part to believe that surgery can 
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offer anything because they have been repeatedly told that nothing can be done. Many of 
them had prolonged treatment in physiotherapy outpatients departments with little or no 
improvement, and an attitude of laissez faire exists. These children are often very conscious 
of their defect. They are shy of their complaint; boys frequently undergo teasing at school 
and girls feel handicapped, particularly as they reach adolescence. It has impressed us at their 
first follow-up how they volunteer a sense of well-being and improved exercise tolerance. 
This latter is very constant". In more recent, German, literature two studies have appeared 
on psycho-cosmetic indications for surgery in patients with funnel chest [5,143]. It was 
found that patients with pectus excavatum were suffering from various symptoms including 
of inhibition of autonomous tendencies, poor estimation of their appearence, subjective fee-
lings of stigma, exaggerated suggestibility, orientation towards failure, fear and specific 
shame reactions. The manifestation of these aspects has a concrete effect on all the essential 
aspects of a patient's way of life [142,143]. In most patients, surgical correction had a posi-
tive effect on the psychological impact of pectus excavatum, especially on inhibition of psy-
chosocial activities [5]. In the third decade of life, cosmetic and related psychological fac-
tors were no longer found to play any important role in the indication for operative therapy 
[39,139]. 
The literature is replete with reports on individuals with incapacitating cardio-
respiratory symptoms [9], but death as a result of pectus excavatum has only been reported 
incidentally [11,146]. According to a review of 12,000 autopsy reports recorded at the 
Pathology Institute, University of Hamburg, over a period of 10 years, pectus excavatum 
alone was not the cause of death in a single patient [139]. 
It is reasonable to assume that many of these cases referred for surgery, many will 
have symptoms and that such a high percentage would not be found in a similar series cho-
sen at random [6]. In this respect, it is interesting to recapitulate the findings of Bay [139] 
in 50 non-operated patients with pectus excavatum in 1970. Thirty-eight had symptoms, 
most of them dyspnoea on exertion, palpitations and precordial pain. The symptoms were 
generally recorded as minor and did not cause marked incapacity. They were not related to 
the degree of funnel chest or any objective cardiopulmonary alterations. 
1.2.7.4. Physical examination findings 
In most publications the only documented abnormalities at physical examination are heart 
murmers. Were haemodynamic data have been reported, it is rc-emphasized that the eva-
luation of auscultatory findings in the presence of pectus excavatum must be carried out 
with great caution [21,32,104]. 
Systolic murmurs are common in cases of pectus excavatum [4,10,21,59,104, 
136,138,139,147]. The murmur is usually of low frequency [9,10,21,104,136,139] but 
sometimes of high frequency [63,147,148] and is usually located on the left border of the 
sternum [9,104,138,147]. Some found systolic murmurs located at the base of the heart 
[9], at the apex or in the pulmonary area [104]. They can probably be explained by the 
favourable sound transmission due to the short distance between the pulmonary artery and 
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the anterior chest wall [21]. The prevalence of systolic murmurs in pectus excavatum 
patients varies from 3 % [130] to 77% [104]. The lowest incidence was found in a group 
patients in which the murmurs were recorded using phonocardiography [130]. The mur-
mur usually disappeared after surgery, but not always [10,130, 136]. 
A diastolic murmur may also be present [104,123]. Diastolic murmurs as well as 
high frequency systolic murmurs cannot be explained by the chest deformity and should 
give rise to the suspicion of associated heart disease [21,104]. 
The second heart sound over the pulmonary artery is frequently accentuated 
[104,122]. No relationship was found between the accentuated second heart sound and the 
severity of the funnel chest [104]. Splitting of the second heart sound is frequently present 
[21,32,130,139,147] and was seen to disappear after surgery in half of the patients [130]. 
Accentuated and split second heart sounds as well as the systolic murmur can be explained 
by favourable sound transmission [21]. 
A systolic parasternal thrill may be present [ 147]. The presence of this benign thrill 
is of relatively great importance because it is usually considered to be a diagnostic sign of 
organic heart disease. 
1.2.7.5. Radiological investigations 
1.2.7.5.1. Plain X-ray 
In moderate and severe cases of pectus excavatum typical changes can be demonstrated on 
a plain chest X-ray. While a lateral film should always be taken, it is possible to diagnose 
the condition on a posteroanterior (PA) film alone. Also, with experience, it is possible to 
judge the severity of the deformity on such a film [6]. The most characteristic PA radiolo-
gical pattern can be summed up as follows: there is an increase in the transverse diameter 
of the thorax [149]; the downward inclination of the anterior tracts of the ribs is accentu-
ated [6,34,37,150-152]; the presence of a more horizontal or medially downwards slanting 
posterior rib configuration is common in the case of sternal depression [152]; the hemi-
diaphragms are frequently flat and positioned low down [63,127]; the heart may appear less 
dense [58,59,63,153]; the cardiac shadow shows an increase in the transverse diameter 
[130] and in typical cases the heart is displaced towards the left [37,64,103, 
130,139,152,154,155]. Compression of the heart may be manifested by diminished opa-
city of the cardiac shadow at the site of the sternal indentation [103,154-156]. 
Displacement of the heart to the left may create the illusion of enlargement by bringing the 
right border in line with the vertebral column [59,153,157], which also makes it difficult 
to measure the transverse diameter [59,62]. Rarely, the heart is displaced to the right 
[24,134,136,158] and in one case the heart was located in the right chest cavity [60]. The 
cardiac apex may lie well above the diaphragm and the left heart border may be fairly 
straight ("pseudo-mitralic configuration") [103,136,150,152,157,159]. Displacement of 
the heart to the left is often seen in association with the increased prominence of a long seg-
ment of the right pulmonary artery and may suggest pulmonary congestion, pneumonitis 
or a tumor [4,63,152,157,160]. These features can also be seen if normal individuals are 
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rotated with a mild degree (5 to 10 degrees) of right anterior oblique projection. Therefore 
cardiac rotation may play a role in the formation of the cardiac silhouette on the PA view 
[136]. The 'cloudiness' of the medial aspect of the lung may also be caused by sternal depres-
sion [153]. The oesophagus, in the more serious cases, appears to be displaced towards the 
left with the cardiac shadow. This displacement only involves the inferior tract while the 
higher segments of the oesophagus and the trachea appears to be in place [103,155]. No 
one single sign on a PA chest radiograph is pathognomonic of sternal depression. However, 
the diagnosis may be accurately made in the presence of a combination of signs. The most 
significant signs of sternal depression on a PA chest radiograph are a straight left heart bor-
der, displacement of the cardiac silhouette to the left and an indistinct right heart border. 
These three signs are highly specific for sternal depression and are seen significantly more 
commonly as the severity of the depression increases [152]. 
In the latero-lateral projection, the sternovertebral diameter is diminished. In 
1938 and in 1944, Humbert [65] and Sweet in 1944 [87] mentioned cases in whom the 
sternum actually touched the vertebral column. In 1949, Ravitch [125] applied a stripe of 
barium paste to the anterior midline of a patient and found that there was a substantial dis-
tance between the skin and the depth of the funnel because of subcutaneous fat, so that the 
deformity was even deeper than it appeared. The amount of barium paste, the amount of 
barium paste needed to fill the depression may serve as an indication of the severity and the 
paste will also produce an informative latero-lateral X-ray (Fig. 5). The site of the depres-
Fig 5- Lateral chest film showing a severe pectus excavatum deformity filled with barium paste. 
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sion is at the level of the inferior part of the sternal body with the point of maximal inden-
tation immediately over the sternal-xiphoid junction [127]. The severity of pectus excava-
tum used to be expressed in terms of the minimal sternovertebral distance [104,147]. 
However, this measurement does not account for the severity in relation to the patient's age 
and size and as the majority of patients who undergo surgery are children, it cannot be used 
to evaluate the late results. To solve this problem Backer [161] proposed two relative meas-
urements of the sternal depression in 1961 i.e. the frontosagital index and the vertebral 
index. The former indicates the ratio between the maximum internal frontal diameter of 
the chest and the minimum sagital diameter measured from the anterior surface of the ver-
tebral column to the nearest point on the body of the sternum. The latter indicates the ratio 
between the minimum sagital diameter of the chest measured from the posterior surface of 
the vertebral body to the nearest point on the body of the sternum, and the sagital diame-
ter of the vertebral body at the same level. These measurements, which have proved to be 
useful for establishing the severity in relation to a patient's size and for allowing an objecti-
ve evaluation of the primary as well as the secondary results [117,162,163] have recently 
been modified and extended. In 1985, Peterson [11] took the same measurements, but spe-
cifically defined the level at which the measurements were taken. The minimal sternover-
tebral distance at the superior border of the ninth thoracic vertebra was measured on the 
lateral X-ray (saggital measurement). The transverse thoracic dimension was measured at 
the same level on the PA view (coronal measurement). The anatomical severity of the pec-
tus excavatum deformity was expressed in terms of the ratio of the sagital/coronal meas-
urements. After pectus excavatum repair, the sagital/coronal ratios increased significantly in 
the majority of patients [10,161]. As the "classic vertebral index" [161] only provides infor-
mation about one level of the chest and not about other levels which may also be abnormal 
in pectus excavatum, Welch [164] decided to assess the severity of the deformity on a scale 
of 1 to 10, based on certain measurements taken from chest radiographs (Fig. 6). Another 
method of defining the severity of the deformity is the Wada Funnel Index [37], which is 
explained by the figure (Fig. 7). In 1989, Derveaux [14] proposed an investigation which 
combinated the postero-anterior indices at the upper (upper vertebral index (UVI)) and 
lower (lower vertebral index (LVI)) levels of the chest, to quantify and discriminate between 
various pectus deformities (Fig. 8). He further calculated a configuration index (CI) which 
was the ratio DE/AB (Fig. 7). The LVI, which generally corresponds with the classical ver-
tebral index [161], was significantly related to age. In pectus excavatum (and even more so 
if it is associated with scoliosis) both vertebral indices but especially the lower one (LVI) are 
increased and, in agreement with this, the CI is also increased. It has been found that the 
LVI and CI suffice to discriminate between the healthy and the pectus excavatum patients, 
and that the UVI is superfluous in this respect. Postoperatively, the LVI is increased (ie, 
improved) by about 20% and the abnormalities in CI are almost halved, ie, the lower pos-
tero-anterior diameter is significantly increased, without any changes in the upper chest 
diameter. The improvements are even more pronounced in the small group with pectus 
excavatum associated with scoliosis. 
19 
г з * 
Depression Rallo (DR) = 
°2 
Deformity Grade (DG) = ( 1 -DR ) « IO 
Welch Index = DG + ·•·· 
0.5 II Rib Angle ( θ ) > 2 5 " 
und/οι 
0.5 II Cardlothoraclc 
Rallo > 5 0 4 
Fig. 6. Welch Index: Assessment of the severity of the deformity on a scale of I to 10, based on 
chest X-ray measurements. 
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Fig. 7. Wada Funnel Index (FI). 
From: Wada J and Ade WR. In: Fallis JC, Filler RM, Lemoine G, eds. Pediatrìe Thoracic 
Surgery. Amsterdam: Elsevier, 1991:219-233. 
Fig. 8. Three indices are measured. The lower vertebral index (L VI): the ratio ВС/А С on a line 
perpendicular on a vertebral body. The upper vertebral index (UVF): the ratio ofEF/DF on a 
line from the manubriolsternal junction perpendicular on a vertebral body. The configuration 
index (CI) is the ratio DE/AB. 
From: DerveauxL et al. Chest 1989;95:850-856. 
1.2.7.5-2. Tomography 
In 1962, Lodin [165] found that transverse tomography of the chest was of value for esta­
blishing the morphological relationship between the sternum and the heart and the effect 
of the sternal deformity on the heart in cases with pectus excavatum. 
1.2.7.53. Computed tomography 
Preliminary observations using computed tomography (CT) scanning for the diagnosis of 
pectus excavatum indicated that it was useful for detecting deformities of the thorax in the 
transverse plane as well as pathological changes in this plane. In 1987, Haller [166], deve­
loped a pectus index by dividing the transverse diameter of the chest by the anteroposteri­
or diameter on a simple CT scan, which formed a useful adjunct for the objective preope­
rative evaluation of pectus excavatum. Recently, Kaguraoka [167] also introduced a CT 
index, but he divided the internal transverse distance by the vertebral-sternal distance at the 
most depressed site. CT scanning has also been used to evaluate the operative outcome in 
patients with pectus excavatum [167,168] and it has proved to be of help for excluding 
mediastinal pathology in patients with pectus excavatum deformities in whom radiological 
findings suggested hilar and mediastinal masses [160]. 
1.2.7.5.4. Magnetic resonance imaging 
Echo planar imaging (EPI), which is a form of magnetic resonance imaging requiring only 
very short acquisition times, was used to study an infant with pectus excavatum [169]. The 
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heart was found to be displaced to the left and the right lung was calculated to be 1.6 times 
larger than the left. It was concluded that because of uncertainty regarding the accuracy of 
lung volume measurements in infants, especially in the case of airway obstruction, EPI may 
prove to be useful although the method needs further evaluation and comparison with other 
estimates, such as total body plethysmography. 
1.2.7.6. Electrocardiography 
It is very likely that pressure of the funnel on the anterior surface of the heart as well as the 
displacement of the heart will cause ECG changes. 
Electrocardiographic (ECG) changes associated with pectus excavatum were 
observed as early as in 1932 by Eideken [58] and later by Grieshaber in 1937 [150]. ECG 
changes have been mentioned in many subsequent studies on the surgical [137,132,170, 
171] or the radiological aspects [157] as well in studies on the clinical presentation of pectus 
excavatum [59,63,172]. Only a few reports have appeared in which ECG changes in pectus 
excavatum were the main topic of the study [32,51,140,173-175]. 
According to the literature, ECG changes in pectus excavatum include right axis 
deviation [32,136,140,176] signs of clockwise rotation [32,130,136], right bundle branch 
block [32,50,130,136,138,140,176,177], inversion of the Τ waves in the precordial leads 
[32,51,140,176] dextrocardial Ρ waves [32] and cardiac arrhytmia [32,87,157,172,174,178]. 
ECG follow-ups have also been conducted after surgical correction of the defor­
mity [130,136,173,174] but very few series [39,174] contained a sufficient number of 
patients to provide an accurate correlation between preoperative and postoperative ECG 
changes. Furthermore, none of these studies mentioned an exact follow-up period. In the 
paediatric age group where growth and normal ECG changes are expected, a follow-up 
study should be performed at a strictly defined interval after surgical treatment. 
1.2.7.7. Echocardiography 
Experience with echocardiography for the diagnosis of pectus excavatum is limited. 
However, it has proved valuable for the diagnosis of mitral valve prolapse which is often 
seen in association with pectus excavatum, with a reported incidence which varies from 
18% to 65% [116,117]. It has been proposed that the cause of mitral valve prolapse in pec­
tus excavatum patients is anterior compression of the heart against the vertebral column 
induced by the depressed sternum, resulting in deformity of the mitral annulus [164]. This 
hypothesis was supported in a study on a group of 6 pectus excavatum patients in which 
suprasternal echocardiography was compared with angiography [ 179]. It was found that the 
left atrium was flattened or 'pancaked', probably due to compression. In 10 out of 23 pectus 
excavatum patients with preoperative mitral valve prolapse [180], the prolapse was no 
longer visible after surgery; seven of these 10 patients were under the age of 16 years. In one 
out of 7 patients who did not undergo surgery, mitral valve prolapse disappeared during 
follow-up. 
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1.2.7.8. Pulmonary function 
1.2.7.8.1. Static lung volumes 
In the early reports on pulmonary function in patients with pectus excavatum, generally no 
or only a few abnormalities were mentioned. The vital capacity (VC) was sometimes found 
to be reduced, although it was mostly frequent normal [63.181]. Subsequent preoperative 
spirometry studies did not reveal any significant changes in the static lung volume 
[7,8,19,104,138,139,167,182,183] although moderate reductions in the vital capacity 
(VC) and total lung capacity (TLC) were noted [16,18,104,131,184-186] especially in 
association with scoliosis [19]. When group results of pectus excavatum were compared to 
the results of normal individuals, a significant decrease in the VC and TLC was occasio-
nally noted, although individual values were always within two standard deviations of the 
normal values [19,187]. 
The symptomatic improvement of these patients after surgical treatment was attri-
buted to correction of the initial impairment of pulmonary function. Early studies showed 
a demonstrable increase in the TLC and VC [6,15] whereas in the more recent studies there 
was a significant reduction in the VC and TLC expressed as percentage predicted, following 
cosmetically successful correction [18-20]. In 1989, Derveaux [14] performed stepwise 
regression analysis on a group of pectus excavatum patients in order to assess whether the 
postoperative changes in lung function were related to the preoperative values, the radio-
logical indices, age and the interval since the operation. They found only a significant in-
verse relationship with preoperative lung function: the postoperative reduction in lung 
function was more pronounced in the patients who had the least preoperative functional 
defect. These data suggested that in some patients, especially those with preoperative lung 
function values of less than 75% predicted, corrective surgery may lead to functional im-
provement. In a recent pulmonary function study on 22 pectus excavatum patients [167], 
the VC during the initial 2 months after surgery was about 10% lower than the baseline 
value but it had recovered to the preoperative level at one year follow-up. 
However, the data presented were not directly comparable, as the technique and 
extent of surgery were different and the follow-up examinations were performed at various 
intervals after surgery. 
1.2.7.8.2. Dynamic lung volumes 
Chest wall function, muscular ability, airway resistance and patient effort can be reflected 
accurately via the maximum breathing capacity (MBC) or the maximum voluntary venti-
lation ( M W ) . These are considered to be the best single tests of the status of the respira-
tory physiology in pectus excavatum [8,134]. MBC was sometimes found to be normal 
[183] but it was usually lower than normal [6,7,16,134,182,184,185,187]. Only Weg 
(1967) [8] found a significant deviation from the predicted normal values. It was theorized 
that an MBC abnormality could be explained on the basis of the inability to move air rapid-
ly due to the chest deformity. It was suggested that chest pain during the MBC test may 
affect the degree of maximum ventilation [182]. 
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None of the studies were able to demonstrate an obstructive ventilatory defect in 
pectus excavatum patients using the one second forced expiratory volume (FEV1), the 
'Tiffenau test' or timed VC measurements [6,7,19,138,185-187]. 
A postoperative increase in the MBC was found in most of the studies 
[15,134,185], but the improvement was insignificant in the majority [6,16]. Some studies 
also reported tat the MBC remained unaltered by surgery [131,187]. 
1.2.7.8.3. Ventilation and perfusion studies 
Bronchospirometry using Carlens double lumen tube was applied as a method for studying 
the volume, ventilation and circulation of each lung separately in a group of pectus excava-
tum patients in a sitting and a supine position [188]. In 6 out of the ten cases in whom the 
heart was displaced to the left, bronchospirometry showed a sometimes considerable de-
crease in the oxygen uptake in the right lung. However, the relative ventilation and VC of 
the right lung in these cases was normal. In the cases with a decreased oxygen uptake in the 
right lung, the decrease was greater in a sitting position than in a supine position. It was 
hypothesized that decreased circulation through the anterobasal half of the right lung was 
responsible, probably due to (pronounced) torsion of the vessels supplying the right lung, 
especially the vessels supplying the middle and lower lobes. In 3 out of four cases in whom 
bronchospirometry had shown decreased oxygen uptake in the right lung preoperatively, 
the result was normal after surgery. 
Helium equilibration time studies have occasionally been used on pectus excava-
tum patients to measure unequal ventilation in the lungs [184]. In twenty-two asympto-
matic pectus excavatum patients with no associated pulmonary disease, the results of ven-
tilation studies were compared to those of a comparable control group. Low VC and MBC 
and a high residual volume (RV) were found in the former group and there was a slight 
impairment of intrapulmonary gas mixing which resulted from the low VC and was reflec-
ted in the increased helium equilibration time [184] 
The distribution of regional pulmonary function in pectus excavatum patients can 
be measured using perfusion and ventilation scintigraphy. In 3 patients with pectus exca-
vatum pulmonary scintigraphy was used for the diagnosis of segmental bronchomalacia 
[121]. Isotope lung scanning confirmed air trapping in this rare combination. In 1985, 
Moreno [189] reported on a 58-year-old man with pectus excavatum who demonstrated a 
photon-deficient defect within the left lobe of the liver on a liver-spleen scintigraph. A CT 
scan of the liver clearly revealed that this defect was caused by the pectus excavatum. In 
1985, Blickman [190] assessed pulmonary function in 17 patients with pectus excavatum 
using xenon perfusion and ventilation scintigraphy before and after surgery. The technique 
was found to be particularly valuable for young children as it requires minimal cooporation 
[191]. Impairment of either ventilation or perfusion or both was observed preoperatively, 
primarily in the lower lobes of the lung. Postoperative studies demonstrated that surgery 
had corrected or improved these abnormalities in virtually all the patients. It was hypothe-
sized the these abnormalities had resulted from compression of the heart and pulmonary 
parenchyma by the deformed thoracic wall. This was supported by the fact that abnorma-
lities primarily occurred in the left lung and improved after operation. The advantage of 
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isotope perfusion/ventilation studies compared to conventional radiographs, is the simul-
taneous functional assessment of each lung separately. 
1.2.7.8.4. Diffusion 
In 1984, Gimeno [18] performed lung function studies including diffussion studies on a 
group of 9 pectus excavatum patients before and three months after surgical correction. He 
found that the preoperative lung volumes were smaller than predicted (differences of up to 
40 per cent). Specific work of breathing, static compliance and Krogh's index (ie specific 
diffusion capacity) were normal. After surgery, a further decrease was observed in the para-
meters which were already abnormal before the operation, although only the changes in the 
TLC were significant, while specific work of breathing, static compliance and Krogh's index 
did not change. He concluded that although there was a great improvement esthetically, 
the results showed considerable loss of function after surgery. He hypothesized, as Castile 
had done before [186] that mechanical factors of the chest wall might be important both 
before and after the operation. 
1.2.7.8.5- Chest wall compliance 
In 1951, Brown [134] suggested that a shortened diaphragm was an important etiological 
factor in pectus excavatum (See etiology), not only because it decreased the capacity of the 
thoracic cage but also because it greatly impeded or completely obliterated the normal ele-
vation of the ribs on inspiration. In this way, the patient lost one of the three components 
of the act of respiration to some extent. This led to the situation in which the patient was 
unable to efficiently clear the tracheobronchial tree of retained secretion which increased 
his/her susceptibility to respiratory infections. Seventy-five per cent of the infants and adults 
displayed this symptom. This finding was confirmed by Weg in 1967 [8] who found that 
lower respiratory tract infections were more prevalent in pectus excavatum patients. In 
1956, Wachtel [136] theorized on the causal mechanisms of cardiopulmonary disorders in 
pectus excavatum patients. He suggested that the decrease in respiratory reserve was caused 
by impairment of the intercostal component of breathing which would lead to emphysema 
of the lungs. 
It was attempted to demonstrate a decrease in the mobility of the rib cage by asses-
sing the intraabdominal pressure [192] on the basis of the hypothesis that the mobility of 
the rib cage is limited, then the ability of the actively inspiring rib cage to the lower abdo-
minal pressure would be decreased. Therefore increased swings in the abdominal pressure 
would be seen during the respiratory cycle, especially at times of stress such as during exer-
cise. Eleven patients with pectus excavatum and a control group of 11 patients were studied. 
An additional four control subjects whose rib cage mobility had been restricted by chest wall 
strapping sufficient to decrease the vital capacity by 5, 10 and 40%, were also tested. Gastric 
pressure was measured using balloon catheters and the outcome served as an index of abdo-
minal pressure. Flow via the mouth was recorded and integrated to calculate the volume. 
Measurements were made at rest, immediately after exercise and during graded voluntary 
inspiration to total lung capacity. There were no differences in the abdominal pressure 
swings during respiration between the pectus excavatum patients and the control subjects. 
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The control subjects with chest wall strapping showed a marked increase in the end-inspi-
ratory abdominal pressure at rest, after exercise and at total lung capacity. These increases 
were proportional to the degree of rib cage restriction. It was concluded that limitation of 
mobility of the chest wall was not responsible for the symptoms in pectus excavatum 
patients or for the reduced VC reported in some studies. 
The hypothesis that chest wall mechanics might be responsible for functional lung 
function impairment after surgery [14,17,18,20,186] was recently tested by Derveaux [19] 
in 24 patients with pectus excavatum by means of an extensive functional evaluation. He 
demonstrated that the restriction was indeed due to an extrapulmonary factor, ie, limita­
tion of thoracic expansion due to musculoarticular changes. The transpul monary and trans­
diaphragmatic pressures in TLC were markedly reduced despite the decreased TLC and the 
fairly low static lung compliance. This limitation in thorax expansion was not unexpected, 
because the operation included resection of the cartilage of several ribs, sternophrenolysis 
and incision of the parasternal muscles which are important inspiratory muscles especially 
near the TLC. Thus, decreased chest wall compliance as well as diminished inspiratory mus­
cle efficiency can be expected after corrective surgery for pectus deformities. 
1.2.7.9. Angiocardiography and cardiac catheterization 
Most of the conventional angiocardiographic studies on pectus excavatum patients were 
published before 1964 and presented case repons or only limited series. Abnormal findings 
included right atrium and right ventricle enlargement [148], anterior indentation of the 
right ventricle [ 127,193] and impression of the right atrium, especially in a sitting position 
[21]. These symptoms could be resolved by surgical correction [148,193]. Radionuclide 
angiography, employed as a non-invasive method of studying cardiac function, was perfor­
med by Welch in 1958 [131] on 25 patients with pectus excavatum. The findings included 
an enlarged right atrium in 15 patients, an enlarged right ventricle in 15, a dilated pulmo­
nary artery in ten, delayed pulmonary artery transit time (greater than twice the normal 
value) in 11, decreased left ventricular volume in nine and a compression defect in the right 
ventricle in eight. Five patients had entirely normal findings. 
The most consistent findings using cardiac catheterization in pectus excavatum 
patients were signs of constrictive pericarditis, manifested by increased right atrium pres­
sure and an early diastolic dip and a late diastolic plateau in the right ventricle pressure curve 
[104,137,138,194,195], although no abnormalities were found in the majority of patients 
[104]. 
1.2.7.10. Exercise cardiorespiratory function 
In an early catheterization study on a pectus excavatum patient, Wachtel (1956) [136] 
found a slight increase in the pulmonary artery pressure and a fall in the cardiac output was 
found after exercise. It was concluded that marked restriction of the intrathoracic space in 
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the cardiac region might restrict diastolic filling of the chambers during exercise, which 
resembles constrictive pericarditis. However, in a frequently cited study by Bevegard in 
1962 [21] on 11 symptomatic pectus excavatum patients using right heart cathterization 
and work-load studies, a normal stroke volume at rest and during exercise was found in the 
supine position with normal filling pressures. This provides evidence against restriction of 
the diastolic expansion of the ventricles. When the results were compared to data published 
earlier by the same author [196] on a series of normal subjects, it was found that as in nor-
mal subjects, the stroke volume at rest was 40% lower in a sitting position than in a supi-
ne position. However, on transition from rest to exercise in a sitting position, the stroke 
volume increased significantly less than in the normal subjects. In the latter group a lower 
stroke volume was found to be compensated for by a higher arterio-venous oxygen diffe-
rence, so that the oxygen transport per pulse beat was the same in both positions. In the 
cases with runnel chest, however, the stroke volume was considerably smaller in a sitting 
position, but the periferal oxygen utilization in relation to the absolute work performed was 
very similar to that in the normal subjects. The considerably smaller stroke volume in a sit-
ting position was not fully compensated for by an increase in the arterio-venous oxygen dif-
ference. Consequently, the oxygen transport per pulse beat was lower in a sitting position 
and resulted in a lower physical work capacity. The considerably smaller stroke volume 
during exercise in a sitting than in a supine position, can probably be explained by impai-
red ventricular filling. It was suggested that the deformity may interfere with the efficiency 
of the abdominothoracic pumping mechanism due to limitations in the amount of negati-
ve intrathoracic pressure generated. During exercise at a higher pulse rate, the low capacity 
of the right atrium may also be of importance. 
In 1972, Beiser [22] provided more evidence that the cardiac function of pectus 
excavatum patients is impaired during upright exercise and is relatively normal in a supine 
position. Cardiac catheterization on a small group of pectus excavatum patients showed no 
significant haemodynamic differences preoperatively and postoperatively when the patients 
were in a supine position. However, they did show a significant increase in the cardiac index 
postoperatively when performing exercise in a sitting position, presumably on the basis of 
an increased stroke volume. The author concluded that a mild to moderate pectus excava-
tum deformity greatly interfered with cardiac function, primarily when the exercise was per-
formed in an upright position. 
In a study using radionuclide angiography during upright rest and exercise on 13 
patients before and at least six months after pectus excavatum repair [10], it was found that 
in contrast with the above-mentioned studies, the operation did not have any effect on the 
cardiac index or the left and right ventricular ejection fraction at rest or during exercise in 
an upright position. These findings are consistent with those of more recent studies in 
which no apparent abnormalities of cardiac output and stroke volume responses were found 
during exercise in pectus excavatum patients as compared to normal subjects [20,197]. 
Also, there was no difference in the stroke volume at rest or during exercise postoperative-
ly compared to preoperatively [20]. 
Bevegard studied the exercise tolerance of 11 pectus excavatum patients, assessed 
in terms of work performed at a heart rate of 170 beats/minute (PWC 170) [21]. He found 
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that the pulse rate during exercise at a given work-load was higher in a sitting position than 
in a supine position. This resulted in a significant decrease in the PWC at a pulse rate of 
170 beats per minute in a sitting position. These findings are in contrast with those from a 
series of normal subjects, where no systemic difference was found between the PWC 170 
in a sitting position and a supine position [21 ]. In a study by Gyllensward in 1975 [17], the 
physical work capacity in an upright position of 37 pectus excavatum patients who under-
went surgical correction was compared to that of 38 nonoperated patients. No significant 
differences were found between the normal subjects and the pectus excavatum patients who 
were operated on, or between the patients who were not operated on. There were no signi-
ficant differences between the two pectus excavatum groups. In 1974, Liese [198] studied 
12 patients who were operated on for pectus excavatum and found that the physical work 
capacity had increased in nine of them at 3 to 11 years follow-up. 
Exercise cardiac catheterization was performed on a 48-year-old man with severe 
pectus excavatum who presented with incapacitating supraventricular tachycardia, which 
was invariably provoked by exercise [199]. During mild supine leg exercise on a bicycle erg-
ometer, an abnormal increase in the right heart pressure was observed particularly in the 
right atrium, followed immediately by supraventricular tachycardia. The latter was also seen 
during upright exercise on a treadmill. Operative correction of the deformity led to com-
plete relief of the dysrhytmia and a normal haemodynamic response to exercise. The results 
of the preoperative and postoperative studies support the conclusion that the sternal depres-
sion was the most likely cause of the cardiac abnormality. These authors suggested that the 
abnormal increase in the pressure in the right atrium and the superior vena cava during exer-
cise may have stimulated the receptors which produce the cardiac acceleration reflex by inhi-
biting the vagus and by stimulating the acceleration centre and fibres, or by activating the 
so-called Bainbridge reflex, which resulted in tachycardia and possibly ectopic activity. 
In a unique series of 50 nonoperated adult patients with pectus excavatum, spiro-
metrie and arterial blood gas analyses were performed, both at rest and after exercise [139]. 
Normal values were found in 33 cases. Impairment of the gaseous exchange was noted in 
five (p02 decreased in 2, p 0 2 increased in 2 and p C 0 2 decreased in one after exercise). 
These five patients had moderate to severe funnel chest. 
In seven pectus excavatum patients, of whom 4 complained of exercise limitation, 
aspects of pulmonary mechanics and exercise tolerance were studied [186]. Results of pul-
monary mechanics studies did not adequately explain the patients symptoms. However, 
when four symptomatic patients and three asymptomatic patients performed work-load 
tests, significant abnormalities were found. Tidal volume expressed as a percentage of the 
vital capacity in the symptomatic patients increased in a linear manner during progressive 
exercise and was diminished at maximal work-load which suggested ventilation restriction. 
However, similar ratios were found in the three asymptomatic patients. The only consis-
tent abnormal finding in the symptomatic patients compared to the asymptomatic patients, 
was an oxygen uptake which was normal at lighter work-loads but progressively exceeded 
the predicted values at higher work-loads, whereas the asymptomatic patients demonstra-
ted a normal linear pattern of oxygen uptake with increasing work-load. Abnormally ele-
vated breathing effort was suggested as an explanation for this difference, but measures of 
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airway function and pulmonary compliance were normal. It was hypothesized that the dif-
ference might be due to decreased compliance of the chest wall caused by the deformity of 
the chest. Unfortunately, no postoperative test results were available. 
Pulmonary function tests and progressive work exercise performance were com-
pared prospectively in 14 pectus excavatum and 5 pectus carinatum patients [16]. Follow-
up studies were performed three to nine months postoperatively. No abnormalities or chan-
ges could be documented in the pectus carinatum patients. The pectus excavatum patients, 
however, demonstrated a low normal VC which was unchanged by the operation, a small 
but significant improvement in the TLC and a significant improvement in the M W . In 
addition, the exercise performance was also significantly improved postoperatively in these 
patients, as quantified both by the total exercise time and the maximal oxygen consump-
tion. At any given work rate, the pectus excavatum patients demonstrated a lower heart rate 
and a higher minute ventilation rate after the operation. The improved efficiency of work 
after surgical repair could not be attributed to differences in oxygen consumption at each 
work rate. Although no breathing effort measurements were performed, the findings sug-
gested that the breathing effort of patients with pectus excavatum was a substantially in-
creased at high levels of exercise, which may have been ameliorated by surgical repair. The 
observed decrease in heart rate at any given work rate supports the hypothesis that the 
restricted cardiac stroke volume described in pectus excavatum patients [21,22] can be 
improved by operative correction. 
Pulmonary function and exercise tests were conducted on twelve children with 
pectus excavatum. Preoperative and postoperative data were obtained from eight of them 
[20]. Four children were not operated on and served as a control group by being tested 
twice. In the non-operated control group, the TLC was similar in both studies. As the chan-
ge in the ratio of RV to TLC ratio was not significant in either group, the decrease in TLC 
in the operated group was considered to be due to a decrease in the VC. Maximal oxygen 
uptake did not increase significantly postoperatively; there was no change in the maximal 
0 2 uptake at the time of the second test in the non-operated group. The ratio of ventila-
tion at maximal exercise to maximal voluntary ventilation did not change significantly in 
cither group. Exercise duration and work performed (expressed as a percentage of the 
predicted level) increased significantly in the operated group. It was concluded, however, 
that surgery had no physiologically significant effect on the cardiorespiratory response to 
exercise. 
1.2.7.11 - Chest contour recording 
In an effort to make objective measurements and recordings of the pectus excavatum defor-
mity, Haller [200] developed a chest contour recorder in 1978 (Fig. 9). With this coaxial 
planimetrie recorder the circumference of the chest and its spatial configuration were trans-
cribed at 2-cm intervals. Although his preliminary experience was promising and enabled 
for good comparison between the preoperative deformity and the postoperative result, the 
technique never found wide clinical application. 
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Fig. 9. Chest contour recorder. Design of the coaxial planimetrie recorder. 
From: HallerJAJr. Ann Thorac Surg 1978;26:73-79. 
1.2.7.12. Body surface measurement 
The oldest method for the measurement of irregularly shaped objects, such as the human 
body, is stereophotography. The earliest application was reported by Herron in 1967 [201]. 
However, the evaluation of stereophotographs is tedious and time-consuming, especially in 
the case of unstructured surfaces, such as the skin [202]. More recently, Takasaki [203] and 
Meadows [204] both introduced Moiré phototopography which is an optical biostereome-
tric method allowing a three dimensional description of the shape of the trunk. The first 
clinical application and encouraging results were reported with its use for scoliosis screening 
[205,206]. These studies found that Moiré phototopography is a sensitive technique which 
is able to detect small deformities that cannot be recognized during physical examination. 
The technique was applied to patients with pigeon breast by Drerup in 1978 [207] and later 
to pectus excavatum patients by Shochat in 1981 [208] and Horst in 1985 [209], to take 
accurate and objective measuremants of the shape of the chest (Fig. 10). Recently, a com-
puter-based method has been introduced for scanning the Moiré lines and calculating the 
dimension of the deformity [37]. Although it proved to be sensitive, reproducible and easy 
to apply, Moiré phototopography has not found wide clinical application for quantifying 
pectus deformities. The technique is well-suited for extracting single-shape parameters, 
such as the funnel depth or inclination angles, but measurement of a contiguous surface 
patch is nearly as expensive as stereophotography [202]. In 1981, Frobin and Hierhozer 
[210] introduced the technique of rasterstereography, which, to some extent, resembles 
conventional stereography. One of the two cameras used for stereophotography was 
replaced by a projector with a raster diapositive (Fig. 11). Information about the three-
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Fig. 10. Shochat: Arrangement of Moiré photography apparatus. An optical biostereometric 
method which allows a three dimensional description of the shape of the trunk. 
From: Shochat SJ, et al. J Pediatr Surg 1981;16:353-357. 
dimensional surface is contained in che deformation of the rasterlines. Automatic digitisa-
tion includes measurements of the image coordinates of the raster line points using an elec-
tronic camera, identification of the individual raster lines according to their ordinal num-
ber and three-dimensional reconstruction of the surface points [211]. As a result, a regular 
grid of reconstructed surface points is obtained which, via computer graphics, can be vie-
wed on a display or a plotter in any perspective. The application of some mathematical 
manipulations to the primary reconstructed surface data converts the surface representation 
Fig. 11. Principle of stereophotography (left) and rasterstereography (right). 
From: Hierholzer E and Schier F. Ζ Kinderchir 1986;41:267-271. 
Fig. 12. Rasterstereography of a 15-year-old patient with pectus excavatum before (left) and 
after operation (right). 
From: Hierholzer E and Schier F. Ζ Kinderchir 1986;41:267-271. 
into a regular network, which is suitable for subjective qualitative interpretation and ena­
bles quantitative comparison before and after the operation. An example of the first clini­
cal application of this method by Hierholzer in 1986 [202] is shown in Fig. 12. 
1.2.7.13. Computer programme 
In 1987, Ledochowski [212] developed a computer programme based on an algorithm 
which helped the physican to decide whether an operation was indicated for pectus exca­
vatum and, if so, which kind of surgical intervention was best suited. From the input data 
(age, height, sex) the programme calculated the optimal work-loads and duration for exer­
cise testing. After the input of the pulse rates obtained at the different work-loads, the pro­
gramme calculated whether a decrease in cardiopulmonary capacity occurred and gave an 
interpration of whether an operation was necessary and, if so, the kind of surgery indicated. 
The programme was tested for accuracy on the basis of eight cases. In each case the com­
puter diagnosis was in accordance with the diagnosis made by the physican who examined 
the patient. 
1.2.8. TREATMENT 
1.2.8.1. Conservative treatment 
When discussing the conservative treatment of pectus excavatum in 1914, Taylor [213] sta­
ted: "The treatment of this condition in the literature comprises mainly vague references of 
the value of "exercises" which is about as helpful as to recommend "nourishing food" in 
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dietetics". This is still valid to some extent today. By far the most attention has been paid 
to the various means of surgical treatment, whereas only sporadic reports have appeared on 
nonoperative treatment, almost exclusively in the German literature [90,214,215]. 
Probably the first report on exercises in thoracic deformities was published by 
Chlumsky in 1901 [216]. He referred to the experience of his teacher, A. HofFa, who was 
using breathing exercises with simultaneous lateral compression of the chest wall, trumpet 
blowing and skin adhesive traction, with satisfactory results in young children with mild 
deformities. In 1914, Taylor [213] also had satisfactory results with exercises in young 
children, which consisted of clasping the hands behind the back, pulling them apart, exten-
ding them both steadily downwards and pulling the abdomen in at the same time. In 1959, 
Maneke [90] considered that breathing exercises were not indicated because he and the 
parents of the patients with pectus excavatum treated in this way, observed that the defor-
mity deteriorated with forced expiration. He stessed the importance of strenghtening the 
rectal abdominal muscles, as antagonists to the pull on the diaphragm and the negative in-
trathoracic pressure. Shobert [214] was of the same opinion and obtained some good results 
with exercises in young children to strengthen the abdominal muscles. The patient was 
expected to compress both sides of the rib cage during deep expiration, forcing the sternum 
out as the expiration continued. In the recent literature, not one well-documented report 
on the results of only conservative therapy can be found. 
Physiotherapeutical measures nowadays are particularly useful in the preoperative 
and postoperative treatment of pectus excavatum patients and include exercises to strength-
en the abdominal and thoracic muscles, plus back muscle exercises to improve posture and 
breathing techniques [39,214,215,217,218]. 
1.2.8.2. Surgical treatment 
Although in general, no demonstrable connection has been established between pectus 
excavatum and cardiac and respiratory symptoms since the condition was first described, 
attempts have been made, first by orthopaedic measures, later by surgery, to correct the 
deformity and thereby relieve the associated symptoms attributed by the surgeons to the 
deformity [178]. 
An enormous variety of operative procedures have been described for the correc-
tion of pectus excavatum since the first operation performed by Tietze in 1899 [219]. 
Basically, the problem of the repair of pectus excavatum is twofold: correction of the defor-
mity and maintenance of the correction after the operation [9]. New methods of repair or 
maintenance of the repair, or modifications of older methods, have been advocated over the 
years by surgeons who obtained poor results and tended to blame the method and seek a 
better one [2,11,220-227]. 
The variety of operations in the literature have been meticulously categorized and 
analysed by Ochsner and DeBakey [24] and others, but none of these attempts have been 
able to incorporate all the operations described. 
For our own classification, we grouped the operations into six main types: 
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1. Phrenoplastic operations 
2. Sternal mobilization with external traction 
3. Sternal mobilization with internal support 
4. Osteo-chondroplastic operations without traction or internal support 
5. Wooler's operation 
6. Cosmetic operations 
1. Phrenoplastic operations 
The phrenoplastic operations were mainly based on the 'diaphragmatic theory' and the pre-
sence of a 'substernal ligament' (see etiology) [80]. In 1939, Brown [80] advised a simple 
operation for infants and young children, consisting of division of the 'substernal ligament' 
and subsequent division of the diaphragmatic attachments to the sternum. He stated that 
the operation was completely satisfactory if performed before the sternum became fixed in 
the retracted position, i.e. at an approximately biological age of 18 to 24 months [80,134]. 
This operation was later modified by Brodkin [83], who sutured the medial half of the rec-
tus muscle to the free edges of the diaphragm in order to prevent reattachment of the diaph-
ragm and to 'furnish good muscular fibers to the deficient tendineous anterior portion of 
the diaphragm for its future growth and development' (Fig. 13). The technique was furt-
her modified by Lester [228] and Chin [6] and was usually accompanied by subperi-
chondrial resection of the lower cartilages bilaterally. As the retraction theory has now gene-
rally been abandoned [9,83] (see etiology), the operation no longer has many supporters. 
Fig. 13. Schematic drawing of the procedure described by Brodkin in 1951 • 
From: Brodkin HA. Dis Chest 1951;19:288-306. 
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2. Sternal mobilization with external traction 
Two authors, Zahradnicek in 1925 [229] and much later, Fish in 1954 [33], claimed that 
good results could be achieved by placing wires percutaneously through the sternum and 
applying traction to it, without performing resection. (Fig. 14a). 
In 1931, Alexander [78] successfully treated one of his two cases with traumatic 
pectus excavatum (See etiology). He performed Τ sternotomy and subperiostal division of 
the fourth to the ninth costal cartilages bilaterally and afterwards introduced a Parham frac­
ture band and silver wire beneath the sternum through the medial ends of the fifth and sixth 
interspaces. Traction was applied using rubber bands attached to a special brace fitted to 
the patient. Similar procedures were reported by Ombrédanne in 1931, Rocher in 1931 
[230], Garnier in 1934 [231], Martin in 1934 [231], Perrot in 1934 [232] and Richard in 
1934 [233]. These authors performed fourteen operations (T sternotomy procedures), of 
which four were fatal, two unsatisfactory and eight successful [24] (Fig. 14b). In 1964, 
Gamier [234] reported his personal experience with 102 cases who he operated on in fun-
damentally the same manner, but with a few refinements. After one fatal case in 1937, he 
operated on 57 consecutive cases with no further mortality and obtained a satisfactory result 
in 28 patients. 
In 1931, Sauerbruch [235] achieved a good result in one patient by combining 
resection of small segments of the fourth to the eighth costal cartilages bilaterally with sub-
sequent traction on the sternum via a suture passed behind it. Similar operations were per-
formed by Gamier [231], Mathieu [231,236], Truesdale [60] and Ochsner [24]. Eight pro-
cedures (sternal moblization and chondral division and resection) were reported by these 
authors with only one unsatisfactory result [24] (Fig. 14c). 
Fig. 14a. Schematic drawing of the procedure described by Zahradnicek in 1926, consisting of 
introduction of two wires through perforations in the sternum and application of traction. 
I4h. Schematic drawing of the Τ sternotomy procedure. The wide black bands indicate 
costal cartilage division or resection. The arrow represents application of traction. 
14c. Schematic drawing of a technique in which costal cartilage resection was combined 
with subsequent traction on the sternum. 
From: Ochsner A and DeBakey M. J Thorac Surg 1939;8:469-511. 
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Traction on the sternum was applied using a wire or a linnen band passed around 
the sternum and through the skin to a piece of apparatus resting on the chest (Jacob's lad-
der) [80,228], to a metal arch fixed in a plaster cast [234,237], or to a conventional weight 
and pully arrangement [235,238] and to many other ingenious constructions [239-242]. 
External traction via a wire has the disadvantages that infection can arise in the wire tracts 
and it may cut through the sternum. It also causes discomfort and necessitates traction appa-
ratus. Furthermore, fatal erosion of the internal mammary arteries has also been described 
[9]. These problems and also the uncertainty about the duration of traction, have meant 
that external traction has now generally been abandoned [9,243] and new methods of 
internal stabilization have been proposed instead. 
3. Sternal mobilization with internal support 
The various methods of internal fixation, using Kirschner wires [243-247], Steinmann pins 
[101,246,248], Küntscher pins, screws, metal blades or Rehbein splints [129,249,250], 
steel struts [251,252], steel bars [253], autologous [254] and homologous lamellar bone 
[148] and lately even DC plates (АО) [255], were clearly categorized by Von der Oelsnitz 
in 1983 [39]. He distinghuished between presternal, transsternal, and retrosternal fixation. 
Intrasternal fixation has only incidentally been mentioned in literature [39], therefore it is 
not discussed below. 
In 1955, Rehbein [129] developed a method for providing presternal support to 
the sternum using light, flat, malleable steel splints. After resection of the deformed ele­
ments, the pointed narrow metal blades were pushed into the ribs like marrow nails, the 
sternum and the cartilage were elevated and the blades were crossed and depressed. The ster­
num was fixed elastically with a wire sling at the crossing points. The separate cartilage seg-
Fig. 15· Schematic drawing of the procedure described by Rehbein in 1955 in which the mobi­
lized sternum is elevated and fixated with crossed metal blades. 
From: Rehbein Fand Wernicke HH. Kinderarzt Prax 1955;23:126-132. 
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merits were sometimes also suspended. (Fig. 15). One pair of'Rehbein's splints' were usu­
ally inserted, but three pairs have also been used [249,256]. The splints were removed after 
6 months which was often quite difficult [9]. A variety of modifications were described 
afterwards, including presternal fixation with strong Kirschner wires [257], modified 
Rehbein splints [258] and various types of perforated steel blade which were bent according 
to the shape of the thorax [259]. Sternal fixation was also obtained using two presternally, 
crossed АО plates, to which the elevated sternum was fixed [255]. 
Transsternal fixation was first reported by Miscall in 1950 [260]. He passed two 
crossed Kirschner wires through the sternum and fixed the elevated sternum by placing the 
free ends of the wires on the second ribs above and sixth ribs below. In 1953, Brandt [243] 
also used two crossed Kirschner wires which he inserted percutaneously across two trans­
verse sternal osteotomies and rested the shafts of the two wires on the anterior surface of the 
lowest cartilage (Fig. 16). The Kirschner wire could also be passed through the sternum 
Fig. 16. Schematic drawing of the procedure described by Brandt in 1953 in which the mobi­
lized sternum is transsternally fixated by two crossed Kirschner wires. 
From: Brandt G. Thoraxchirurgie 1953;1:57-64. 
transversally [9,244,247,261,262]. In 1957, Holmes [248] inserted a Steinmann pin per­
cutaneously through the length of the sternum in an axial direction and into the manu­
brium leaving the lower end protruding from the distal sternum to allow forward traction 
for three weeks. In 1957, Griffin [245] placed the Steinmann pin transversally. Zudhi 
described intramedullary fixation with a longitudinally placed screw through the entire 
length of the sternum in 1965 [263]. This method has also been used successfully to treat 
fractures of the sternum. In 1958, Palthia [264] described a transsternal fixation technique 
in which a flat steel strut was passed through the sternum after it had been isolated. The 
ends were bent to lie on the lateral costal stumps to which they were sutured under the 
pectoral muscle (Fig. 17). Similar techniques were described by Hegemann [170], Stauffer 
[1] and Willital [109]. 
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Fig. 17. Schematic drawing of the procedure described by Palthia in 1958 in which the mobi­
lized sternum is transsternally fixated by a flat steel strut. 
From: Palthia V, et al. Acta Chir Scand 1958;116:90-98. 
Retrosternal Fixation is certainly the most physiological method to prevent depres­
sion of the sternum after mobilization [39] and can be achieved using bone struts or some 
kind of metallic internal support. In 1944, Sweet [87] was the first to mention retrostern­
al fixation with a rib segment. The various transplants used afterwards included homograft 
rib [126,141,148,220,265-268], rib cartilage [83], bone-bank rib grafts [148,269], tibia 
grafts [270,271] and preserved animal bone grafts ("Kiel-bone graft") [272-274]. Metallic 
retrosternal support was obtained using flat, stainless steel struts [2,252,275,276], stainless 
steel bars [84,226] and stainless steel wire mesh [277]. The various rib grafts have several 
disadvantages: limited variability in size and shape and resorption in six to eight months 
[278]. The advantage is that they do not need to be removed. Metallic prosthesis, on the 
other hand, offer extensive variability in size and shape and provide longer internal support. 
The disadvantages include osteolysis as a reaction to a 'foreign body' and they must be 
removed. Migration of the metal bar may cause haemopericardium [252,279] and erosion 
has been reported to cause bleeding from the internal mammary artery [260]. Shamberger 
[101] abandoned the use of Steinmann pins, because they were associated with a 21 % com­
plication rate, including serious complications such as haemoptysis, seroma and haemope­
ricardium, versus 3.5% when metal fixation was not used. In 1966, Hoffman [280] 
stretched a sheet of Marlex mesh beneath the sternum. Two years ealier, Ravitch [281] had 
used a strip of Teflon felt which he stretched taut behind the sternum in cases with recur­
rence but also in primary cases. In 1978, Robicsek [225] also used Marlex mesh support to 
correct very severe and recurrent cases. 
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4. Osteochondroplastic operations without traction or internal support 
The credit for the first operation for pectus excavatum is generally given to Meyer in 1911 
[43], but in fact it was Tietze in 1899 who was the first to operate on a patient with pectus 
excavatum who had palpitations, dyspnoea and decreased exercise tolerance. A description 
of this operation was given by Harttung in 1913 [219], in which the lower half of the ster-
num was resected. After one year, the patient had no complaints, the cosmetic appearence 
was improved and he was able to do heavy work. In 1911, Meyer [43] only resected about 
2.5 cm of the second and third costal cartilages on the right side and although the patient 
was soon free from dyspnoea, the end result was not satisfactory. In 1931, Sauerbruch 
[235,282] realised that such an incomplete operation could not be expected to effect a cure. 
Therefore he resected the 5th to the 9th costal cartilages on the left side, a portion of the 
corresponding ribs, and part of the adjacent sternum below the 4th cartilage. A satisfacto-
ry result was obtained in this case as well as in three subsequent cases in which a similar ope-
ration was performed [282]. Various types of chondrosternal resection were described in 
the early days of surgery for pectus excavatum [60,78,178,283-285], but the number of 
patients was limited and mortality and morbidity were considerable [24]. One technique, 
devised by Brunner [285], used by Geroulanos [286] and later modified by Geisbe [287] 
and Seling [288], depended on splitting the sternum sagitally to the point of angulation, 
then transecting and incising the cartilages from behind, and bringing them forward after 
removing a wedge of dorsal sternum (Fig. 18). In 1949, Ravitch [125] published a descrip-
tion of his basic operation. The sternum was completely freed from its diaphragmatic and 
mediastinal attachments and also from its intercostal and perichondria! attachments after 
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Fig. 18. Schematic drawing of the operative procedure as described by GerouUnos in 1974. 
From: Geroulanos S, et al. Dtsch Med Wschr 1974;99:57-58. 
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total resection of the deformed cartilages, so that it could be elevated freely after partial 
resection. This was usually combined with transverse osteotomy in the posterior cortex of 
the manubrium. The sternum was held in the overcorrected position by securing a wedge 
of rib bone into the osteotomy. Most of the subsequent operations devised for pectus exca-
vatum are modifications or extensions of the basic Ravitch procedure, which utilizes no 
external or internal artificial support for the elevated sternum [27]. 
The sternal turnover or sternal eversion operation is probably the most extreme 
application of this principle of treatment. This technique involves transverse division of the 
sternum, division of the costal cartilages, total mobilization of the plastron which allows 
180 degrees of axial rotation of the bone and muscle graft (sternal turnover), and finally, 
reattachment of the sternum and costal cartilages using sutures. In 1944, Nissen [289] was 
the first to report on the use of the sternal turnover procedure. He described detaching the 
sternum and costal cartilages, turning the plastron over, and resuturing it to the anterior 
chest wall. In 1956, Judet and Judet [290] reported their modification, which was popula-
rized by Wada [291 ]. This repair involves transecting the sternum and costal cartilages, exci-
sing the sternum and attached cartilages from the chest wall, turning the sternum over as a 
free graft and resuturing the sternum and the costal cartilages to the chest wall. Wada car-
ried out his first operation at the beginning of 1955 [37] and first reported his findings in 
1958 [292]. He steadily gained experience over the years [223,291-294] and in 1984, while 
discussing the paper by Hawkins for the Society of Thoracic Surgeons [295], he mentioned 
that he had treated more than 1578 cases of pectus excavatum. Since then, Wada has furt-
her extended his series to nearly 2500 patients in 1991; 455 of these operations were per-
formed at the Sapporo Medical college, in addition to 2000 operations from 1977 to 1987 
at the Japanese Funnel Chest Centre, founded by Wada at Tokyo Women's Medical 
College Hospital. His patients were referred from all over Japan and from Hawaii, Italy, 
Peru, Taiwan and other countries [37]. At present, he is performing chest surgery at the 
Juro Wada Commemorative Heart and Lung Institute of the Yuden Clinic & Alaska 
Hospital Medical Centre, Tokyo, Japan [27]. However, despite Wada's excellent results 
[37], the application of sternal turnover operations outside Japan has been limited 
[220,290,296-301]. Considerable concern has been expressed regarding the potential of 
chest wall growth and infection after reimplantation of the large devascularized graft 
[9,11,144,301 -303]. The complication rate attributable to devascularization of the sternum 
was found to be 46% in patients older than 15 years who underwent sternal turnover [303]. 
The most serious complications included bone necrosis and fistula formation [303]. In his 
extensive experience, Wada did not find that the lack of blood supply to the plastron had 
any adverse effects on the long-term results. Nevertheless, for patients younger than 15 years 
of age in whom bone and cartilage are soft, Wada now exclusively recommends a much 
simpler method, called sternocostal elevation, in which deformed cartilages are removed 
and the sternum and ribs arc united with Tevdek sutures [37,295]. In an effort to preserve 
the vascular integrity, Jung [302] described a sternal turnover procedure that left the rectus 
abdominis muscles attached. The vascular supply of the sternum can also be maintained by 
preserving one [301 ] or both [303,304] internal mammary arteries (Fig. 19). However, con-
cern must also be expressed about the vascular integrity of the sternum in relation to more 
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Fig. 19. Left: Schematic drawing of the bteral view after operation with preservation of the left 
internal mammary artery. The artery distal of the first inter costal space is in front of the tur-
ned-over sternum. 
Right: Schematic drawing of the postero-anterior view after sternal turnover procedure with 
preservation of both mammary arteries. The crossover of the internal mammary arteries at the 
level of the first intercostal space. 
From: Ishikawa S, et al. Ann Plast Surg 1988;20:485- 491. 
standard techniques based on perichondrial resection of the cartilage and elevation of the 
sternum [125,200,225,226,245]. These techniques involve extensive mobilization of the 
sternum from the surrounding tissue and the blood supply, essentially converting it into a 
free bone graft [9,301]. Deterioration of the cosmetic appearance with time [11] may sug-
gest that interference with the blood supply could have affected the growth of the sternum 
[301], especially if prosthetic implants were involved [225]. In 1958, Daniel [305] descri-
bed a modification of the Ravitch repair in 29 patients, using an ingenious internal ham-
mock support operation with no internal or external splinting. After subperichondral resec-
tion of the deformed cartilage, followed by division of the rectus muscles of the linea alba 
from the xyphoid and the perichondrium of the bilateral seventh cartilages, he performed 
transverse sternotomy and mediastinal dissection and divided the intercostal bundles at the 
outer limit of the chondrectomy, going wide of the internal mammary arteries at the expen-
se of deliberately opening one or both pleural cavities. The lateral edges of this broad sheet 
of fascia, muscle and perichondrium were sutured under tension to the anterior surface of 
the ribs, elevating and stabilizing the sternum. 
5. Wooler's operation 
In 1969, Wooler and Mashhour [71] and later Vanpeperstraete [306] performed an opera-
tion which was based on the theory that funnel chest is caused by negative pressure in the 
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anterior mediastinum, resulting from displacement of the heart to the left (See etiology) 
[71,82] The operation consists of excising the deformed cartilage, mobilizing the sternum 
and suturing the pericardial sac into a central position which corrects the deformity, and as 
a result the heart functions as a means of internal support. 
6. Cosmetic operations 
Cosmetic correction of pectus excavatum with a subcutaneous prosthesis was originally 
described by Masson in 1970 [307] Experience with the use of silastic implants for breast 
augmentation and for the restoration of contour defects in the facial region, led to the con­
cept of fabricating a silastic implant that could fill in the subcutaneous defect of pectus exca­
vatum Subsequently, numerous series have been reported in the plastic and reconstructive 
as well as in the thoracic surgery literature [308-314] The initial experience consisted of a 
process of making a cast of the chest wall, then molding it in wax and finally sending away 
to the factory for the finished implant Recently, new silastic material has been developed 
which allows the implant to be fashioned, autoclaved and inserted in one session 
[310,311,314] In 1984, Marks [315] noted several problems regarding the aesthetic result 
following a subcutaneous implant and therefore recommended subpectoral placement of 
the silastic implant Potential complications associated with a subcutaneous prosthesis are 
bleeding within the pocket [307], infection and prosthesis extrusion [311,316] 
Accumulation of serous fluid around the prosthesis is not infrequent [311,314,316], late 
collections may follow strenuous exercise 
The greatest disadvantage of these cosmetic operations, which only conceal the 
depression, is that the bony thorax is not corrected Ravitch [9] considered it an irrational 
abomination He stated "It does not affect posture, increase space within the thorax, impro­
ve respiratory mechanisms, or relieve pressure upon the heart, and does place a large foreign 
body in a subcutaneous position where it may well cause trouble One might as well treat 
a depressed fracture of the skull by a silastic implant to hide the external depression" 
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ILI . Abstract 
Between 1970 and 1987, 192 patients have been operated for pectus excavatum. 152 
patients were included in the study (79%). Mean age at operation was 15.3 ±5.5 years; 117 
were male. Mean follow-up was 8.1 ±3.6 years. The deformity was noted before the age of 
5 in 90 percent. Type I symmetrical and localized deformity was seen in 33.2%, Type II 
symmetrical but diffuse depression in 23.7% and Type III localized or diffuse asymmetri-
cal deformity in 43.1%. It was considered severe in 68.9%, fair in 16.9% and mild in 
14.2%. There were significantly more asymmetrical defects in the older age groups. The 
operation consisted of subperichondral chondrectomy, transverse sternotomy and division 
of the intercostal bundles at the outer limit of the chondrectomy and suturing the edge of 
this broad sheet of muscle and perichondrium to the anterior surface of the chest wall more 
laterally and under tension, elevating and stabilizing the sternum. Results were satisfactory 
in 83.6% (excellent 44.1%, good 39.5%). Results were not significantly influenced by age, 
sex, severity, type, symmetry, the extent of cartilage resection or follow-up. Results were 
inversely influenced by the occurrence of wound problems. The optimal age for operation 
is considered between 5 and 10 years. Both physical as well as psychologic/cosmetic factors 
may serve as an indication for operation. 
11.2. Introduction 
Pectus excavatum is the most common chest wall malformation referred for surgical cor-
rection. Controversy involving the optimal method for operative correction still exists due 
to the conflicting conceptions of the pathogenesis and the variable results. 
Surgical correction of pectus excavatum has been performed mainly for cosmetic 
and physiological reasons. Cardiopulmonary repercussions of mechanical compression by 
the depressed chest wall have also been arguments for the operation. 
The purpose of the present study is an extensive retrospective analysis of the long-
term results of operative correction for pectus excavatum, using a single surgical technique 
and providing for a sufficient number of patients to allow for multivariate analysis of varia-
bles and to determine factors which may influence outcome. 
11.3. Patients and methods 
II.3.1. PATIENTS 
In the past 20 years, nearly 300 patients have been operated for pectus excavatum, of whom 
192 between 1970 and 1987. Only those patients who could be seen for follow-up in the 
outpatients department were included in the study (n=152; 79%). Of the 40 patients lost 
for follow-up, twenty-five could not be detected because of migration. The rest of the 
patients could not be motivated to paticipate in the study. By telephone it was found that 
the reasons to deny co-operation were not unsatisfactory results. 
S4 
Of the 152 patients, 77 % were male and 23 % female, a ratio of 3.3 to 1. Mean 
age at operation was 15.3 ± 5.5 years, range 4.8 to 32.7 years. The patients were divided 
into age groups, each containing approximately the same amount of patients to allow for 
statistical analysis (Fig. 1). They were followed up for a mean of 8.1 ±3.6 years, range 2.8 
to 17.7 years and were grouped into 6 periods of follow-up time, providing for groups with 
comparable numbers (Fig. 2). 
# PATIENTS 
0-9 9-1Э 13-15 15-17 17-20 >20 
AGE (YRS) 
Fig. I. Age groups. 
# PATIENTS 
2.7-4 4-6 6-7.5 7.5-9 9-11.5 >11.5 
FOLLOW-UP (YRS) 
Fig. 2. Follow-up periods. 
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II.3.2. OPERATION TECHNIQUE 
Our technique is an imitation of the Daniel technique [17], but with a few modifications. 
A bilateral submammary skin incision is made, passing across the sternoxyphoid junction 
and extending to the anterior axillary line. The pectoral muscles are divided horizontally 
and detached. The perichondrium over the deformed costal cartilages is longitudinally inci-
sed and the cartilage is freed. A curved blunt periosteal elevator is inserted beneath the car-
tilage, which is stripped free and removed entirely, if necessary with a part of deformed bony 
ribs. Resection usually involves from the 3rd to the 7th costal cartilages. The 8th costal car-
tilage is generally left in situ. The xyphoid process is not resected. The distal part of the ster-
num is elevated and its posterior surface is bluntly dissected free. At the site of angulation 
a tranverse cuneiform osteotomy is made through the anterior sternal cortical lamella. The 
sternum may now be bent sharply anteriorly to fracture the posterior cortical tabula and 
may eventually be dcrotated. 
To stabilize the sternum the anterior chest wall is reconstructed with the aid of 
soft tissues, consisting of perichondrium, intercostal muscles and endothoracic fascia, cut 
at the level of the costal cartilage or costal cuts (Fig. 3). The soft tissue flaps are than rein-
serted higher and more laterally on the chest wall with separate resorbable sutures. The 
costal margin is reconstructed by fixing the flexible 8th costal cartilage to the xyphoid pro-
cess, which eliminates the prominence of the costal arch. The perichondrium itself is clo-
Fig. 3. Subperichondral resection of the deformed cartiUges and wedge osteotomy of the ster-
num. Lateral section of the soft tissues, consisting of perichondrium, intercostal muscles and 
endothoracic fascia at the level of the costal cartage cuts. 
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Fig. 4. Reinsertion of the soft tissue flap higher up and more Uterally on the chest wall. Closure 
of the perichondrium beds. Reinsertion of the abdominal muscles. 
sed. The linea alba, fascia and the rectus abdominal muscles are reinserted on the xyphoid 
process, costal margin and soft tissues to avoid a protruding belly (Fig. 4). The pectoral 
muscles are reinserted on the rib cage, thus avoiding formation of a dead space where fluid 
could accumulate. A subpectoral vacuum drain is placed at both sides. The subcutaneous 
layer is closed with interrupted resorbable sutures. The skin used to be closed with inter-
rupted sutures in the past, but now a noncoloured intradermic resorbable suture is used 
(80% of total). The opened pleurae are drained. 
II.3.3. POSTOPERATIVE TREATMENT 
All patients received prophylactic intravenous antibiotic treatment for 24 hours (cephalo-
sporines), starting just before the operation. All patients were extubated immediately. The 
supine position is maintained for four days, after which the patient is mobilized progressi-
vely with physiotherapeutic aid. Antithrombotic prophylaxis during immobilization is esta-
blished with 2x5000 IE Thromboliquine"- per day but continued at least one week. 
Consolidation of the thorax by regeneration of the cartilages takes about three months, 
during which work and sports are not allowed. In patients still at school, special measures 
should be taken. 
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II.3.4. METHODS 
All the patients were seen by two of the authors (HM and GW) who had not been active 
as the performing surgeon. The investigation consisted of standardised interviews covering 
preoperative status, with special questions concerning the problems that pectus excavatum 
patients have to deal with [19, 64], as also questions concerning patient's personal periope­
rative experiences and estimation of results. Patients who were operated under age of 15 
were accompanied by one or both parents. At physical examination the cosmetic result of 
the reconstruction was evaluated. 
II.3.5. STATISTICAL ANALYSIS 
Categorical data were arranged in contingency tables, and the Fisher's exact test or the chi-
square test was used for significance. Ρ values less than 0.05 were considered significant. 
The test of McNemar was used for paired dichotomous observations. Continuous data were 
analysed with the Kruskal-Wallis test, the Mann-Whiteney-U-test, the signed rank test and 
the Spearman rank correlation coefficient. 
II.4. Results 
11.4.1. DETECTION, FAMILY HISTORY AND REFERRAL PATTERN 
The deformity was noted before the age of 5 in 90% of the cases. In more than 50% it was 
present at birth or in the first year of life. Mean age at diagnosis was 1.8 ± 2.0 years. It was 
noted by the parents in 60.8%, by the patients themselfcs in 15.5%, by the general practi­
tioner in 9.5%, by the school medical officer in 4.1%, by a consulting physician in 3.4%, 
and by others in 6.8%. First medical contact concerning the pectus deformity took place in 
the first year of life in 13.5% and in the first 5 years of age in 30%. Of the patients refer­
red to our unit for operation, 37.9% were sent by the general practitioner, 37.8% by the 
orthopaedic surgeon, 6.8% by the pediatrician, 6.8% by the pediatric surgeon and 1.4% by 
the plastic and reconstructive surgeon. The rest (8.1%) contacted us by own initiative on 
advise of a relative or another patient. 
Familial incidence of pectus excavatum in this group was 14%, in 13 (8.5%) 
patients more than one relative had pectus excavatum. In 20 cases (13.2%) pectus carina-
tum was reported in the family. Marfan's syndrome was present in the family of two patients 
(1.4%). 
At time of operation weight was estimated by the patients or their parents to be 
normal in 52.6% and low in 46.1%. Height was considered normal for age in 63.8% and 
too great in 33.6%. 
•ifi 
% PATIENTS 
0-9 9-13 13-15 15-17 17-20 >20 
AGE (YRS) 
Ftg. 5- Exercise intolerance related to age. 
II.4.2. PREOPERATIVE SYMPTOMS 
Cardiorespiratory symptoms included diminution in exercise tolerance (51.3%), easy faci-
guability (43%), inability to take deep breaths (37.5%) and shortness of breath, mainly on 
exertion (31.6%). Only the unability to take deep breaths and exercise intolerance were 
found to be significantly related to age, with a predominance of these symptoms in the 
oldest age groups (p = 0.002 and ρ = 0.011, respectively) (Fig. 5). Upper (26.3%) and lower 
respiratory tract infections (17.2%) were also frequently seen. Asthmatic bronchitis was pre­
sent in 7.2%. Other complaints were precordial pain (16.4%), palpitations 13.2) and diz­
ziness (11.2%). All three significantly related to factors as diminution in exercise tolerance, 
easy fatigability and shortness of breath (p<0.001). Most cardiorespiratory complaints 
were not different for both sexes, only the inability to take deep breaths was significantly 
more frequent in female patients (p = 0.036). The presence of non of the cardiorespiratory 
complaints was related to the severity of the deformity. Gastrointestinal complaints were 
uncommon and not different for the different age groups or for both sexes. Dysphagia and 
regurgitation were present in 2.6%. Appetite was normal in 90%. 
Almost half of the patients were constantly preoccupied with the cosmetic defor­
mity (40%). Feelings of shame (62.5%) and persistent efforts to hide the deformity (56.6%) 
were common. Self-image was affected in a quarter of the patients. All these factors are sig­
nificantly related p<0.001). More than 60% of the patients suffered from comments by 
other individuals. All these factors are significantly related to age with a predominance for 
the older age groups. 
More than 50% of the patients consciously paid attention to the choice of clot­
hing to hide the deformity. The majority (57%) was aware of the deformity in the presen­
t o 
se of others while dressing and revealing the bare chest. Almost 50% refrained from swim-
ming because of the deformity. Fourty percent experienced a feeling of being found 'stran-
ge'. A feeling of being disliked was hardly felt (6%) but 20% actually did felt avoided becau-
se of the deformity. Only 20% was teased with the chest appearance. Half of the patients 
expected the deformity to be an obstacle for a relation and up to 40% expected the defor-
mity to be a problem in enjoying sexual contact in future, however, only 16% actually felt 
inhibited in sexual contact by the deformity. Thirty percent of the patients were aware of 
the fact that the deformity was considered ugly by others, 40% felt tensed when being asked 
about their chest. 
We did not find a significant relation between physical and psychological/cosme-
tic complaints. No one of the latter complaints was related to the severity of the deformity. 
Almost 40% considered the cosmetic aspect the most important. Verbal reactions 
of other people was the main problem in 15.2%. There seems to be another group of 
patients whose main problem were the physical symptoms (30.5%). For 5.3% of the 
patients the possibility of physical problems in future was the most important problem. The 
answers were not different for the various age groups. Most psychological/cosmetic com-
plaints were not different for the both sexes, only the verbal reactions by others was signi-
ficantly more frequent in male (p = 0.018). On the other hand female patients did have sig-
nificantly more problems with hiding the deformity than male patients (p = 0.041). 
We tried to establish whether two separate goups could be identified, ie. a group 
with only psychological/cosmetic problems and a group with only physical complaints. Our 
findings suggested that the probalility that both symptoms were present was high (p = 
0.254). 
0-9 9-13 13-15 15-17 17-20 >20 
AGE (YRS) 
0SYMMTRICAL D ASYMMETRICAL • UNKNOWN 
Fig. 6. Symmetry of the deformity reUted to age. 
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II.4.3. PREOPERATIVE PHYSICAL EXAMINATION 
The deformities were classified according to Chin [15]. Type I symmetrical and localized 
deformity was seen in 33.2%, Type II symmetrical but diffuse in 23.7% and Type III loca­
lized or diffuse asymmetrical deformity in 43.1%. The deformity was considered severe in 
68.9%, moderate in 16.9% and mild in 14.2%. Significantly more asymmetrical defects 
were seen in the severe deformities (p = 0.018). There was no significant relation between 
severity and age (p = 0.379), however, significantly more asymmetrical defects as well as 
Types II and III were found in the older age groups (Figs. 6 and 7). There was no relation 
between sex and severity (p = 0.545). 
TYPE OF DEFORMITY (CHIN) 
0-9 9-13 13-15 15-17 17-20 >20 
AGE (YRS) 
0 Type I Втуре II Π Type III 
Fig. 7. Type of the deformity related to age. 
11.4.4. ASSOCIATED ANOMALIES 
Various orthopaedic, neuropsychiatrie, general and pulmonary anomalies were associated 
with pectus excavatum and are listed in table 1. Significantly more Types II and III were 
seen in patients with a Marfan-like appearance (only orthopaedic features of the Marian's 
syndrome) (p=0.011). 
11.4.5. POSTOPERATIVE COMPLICATIONS 
There were no operative deaths directly related to the repair. However, one child aged 13 
years died 5 days postoperatively because of aspiration. Two patients had respiratory insuf-
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Table 1. Anomalies associated with pectus excavatum 
General 
Gilbert's Syndrome 
Diabetes mellitus 
Inguinal hernia 
Cryptorchidism 
Eczema 
Lop ear 
Asymmetry of jaw 
Diaphragmatic hernia 
Duodenal ulcer 
Wilms' tumor 
Strabismus 
Cauda tumor 
Tumor parotid gland 
Neuropsychiatrie 
Mental/motor problems 
Epilepsy 
2 
1 
5 
2 
3 
2 
3 
2 
Orthopaedic 
Marian's Syndrome 
Marfan like appearance 
Kyphoscoliosis 
Pes planus 
Pes cavus 
Osteogenesis imperfecta 
Scheuermann's disease 
Congenital dislocation of hip 
Perthes' disease of hip 
Allergic and pulmonary 
Asthmatic bronchitis 
Allergic rhinitis 
Mild bronchiectasis 
Bronchial atresia and emphysema 
Extralobar sequestration 
2 
38 
27 
11 
1 
1 
2 
2 
1 
15 
3 
1 
2 
2 
ficiency for which artificial ventilation (four hours and two days, respectively) was necessa-
ry. Three patients suffered urinary tract infection. Gastrointestinal complaints included gas-
tritis, gastric retention and diarrhoea in four patients. Two patients had reversible ulnary 
nerve palsy and one of them also had a transient peroneus nerve palsy due to malposition 
or pressure. 
Wound problems occurred in 19 patients (12.6%). Sixteen of them had a wound 
dehiscence, 3 patients had wound infection. We found no relation between the extent of 
operation as expressed by the amount of cartilage resection and wound problems (p=0.305). 
The occurrence of wound problems was not related to age (p=0.946) 
II.4.6. HOSPITAL STAY, SCHOOL AND WORK 
Mean hospital stay for the whole group was 21 days; it was significantly longer when wound 
problems occurred (p<0.001) The severity of four days continuous supine position in 
patients opinion was graded on a scale of 1 to 10 (10 is severe). Mean score was 5.4 ± 3.2. 
The severity of total hospital stay was scored mean 7.0 ± 2.5. Neither of these factors was 
related to age. We also asked if the 'rules' that were given for the first three months were 
bothersome. Mean score was 4.0 ± 2.7. 
School attendance was regained at a mean of 41 ± 36 days but many children were 
operated during school holidays. Almost 30% of the children encountered problems in 
recapturing the same level in class and 17% had to repeat a class. 
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The adult group started work again at a mean of 104 days. Sport activities were 
resumed at a mean of 187 days. 
11.4.7. POSTOPERATIVE PAIN 
Pain in the first 4 days after the operation was graded on a scale of 1 to 10 (1 no pain; 10 
very painful). Mean score was 5.8 ± 3.3. Patients who received perioperative epidural anes­
thesia sensed significantly more pain in this period (p = 0.003). Significantly more pain was 
experienced by the older age groups (p = 0.0001). Pain during rest of hospital stay was sco­
red mean 3.9 ±2.4. The duration of treatment, the severity of the treatment and the post­
operative pain were in accordance with preoperative expectation, with a mean scores of 7.5 
± 3.0, 6.2 ± 2.9 and 5.3 ± 3.0, respectively. 
11.4.8. POSTOPERATIVE COSMETIC APPEARANCE, SCAR AND BREASTS 
On a scale of 1 to 10 (10 is excellent) the mean score was 7.1 ± 2.7 for the cosmetic result 
directly after the operation and was the same at follow-up. The mean retrospective score 
before operation was 2.9 ± 1.8. The cosmetic result was in accordance with the preoperati­
ve expectation, with a mean score of 6.9 ± 2.8 on a scale of 1 to 10 (10 fully in accordan-
ce). 
Giving a mark for the scar and on a scale of 1 to 10(1 is unsightly, 10 beautiful) 
more than 70% of the patients scored 6 or more and 57% 8 to 10. The mark was signifi­
cantly lower when wound problems had occurred (p = 0.0008). The scar was painful in 9% 
of the patients. We found no relation between the occurrence of wound problems and eit­
her a painful scar nor a sensitive skin adjacent to the scar at follow-up. The skin adjacent to 
the scar was hypaesthetic in 63%. 
In female patients, breast and nipple feeling were normal in 61 (78%), decreased 
in 34 (14%), missing in 5 (8%). Scoring the cosmetic aspect of the breasts after the opera­
tion on a scale of 1 to 10, a mark of 6 to 10 was given in 70% and 8 or higher in 32%. 
11.4.9. POSTOPERATIVE SYMPTOMS 
Postoperatively, cardiorespiratory symptoms such as exercise intolerance, shortness on 
breath, mainly on exertion and upper- and lower respiratory tract infections were signifi­
cantly less predominant. Precordial pain, palpitations and dizziness were also present in a 
smaller number of patients after operation (NS) (Fig. 8). 
Gastrointestinal complaints were hardly seen after operation. 
Most psychological/cosmetic factors were significantly less predominant after ope­
ration, and if present, an improvement was noted in a considerable percentage (Fig. 9). 
The problem of clothing in order to hide the deformity and to avoid exposure of 
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Fig. 8. Pre- vs postoperative physical symptoms. 
the chest significantly decreased after operation. Thirty-four percent of the patients goes 
swimming more frequently of whom the majority states the better appearance of the chesc 
to be the main reason. The majority (78%) concludes that if operation had not been per-
formed, the deformity would have continued to be a major problem. 
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Fig. 9. Pre- vs postoperanve psychobgicallcosmetic problems. 
II.4.10. POSTOPERATIVE PHYSICAL EXAMINATION 
The pectus deformity was completely corrected (no residual sternal depression) in 53%, 
mildly residual in 39%, moderately residual in 6% and recurrent in 2%. The chest was sym-
metrical in 92% and asymmetrical in 8%. A mild prominence of the costal arch was pre-
sent in 24%. The scar was symmetrical in 86%, asymmetrical in 14%, inconspicuous in 
73%, fair in 14% and unsightly in 13%. The appreciation of the cosmetic appearance of 
the scar by the (independent) investigator correlated well with the appreciation by the 
patients themselves (p<0.0001). In 6.4% of the female patients, the scar crossed a caudal 
part of the breasts. The scar was visible when wearing a bra in 30%. The scar made the 
aspect of the breasts less beautiful in 11%. 
II.4.11. RESULTS OF OPERATION 
The patients graded results by themselves as excellent in 44.1%, good in 39.5%, fair in 
10.5% and poor in 5.9%. Therefore 83.6% was satisfied. 
Results were also graded according to Humphreys [52] and termed 'excellent' 
when the chest appeared normal, the scar was inconspicuous, and the symptoms, if any, had 
gone. When there was some residual or recurrent sternal depression or if the scar was bot-
hersome, but in general the patient and the family were satisfied, the result was called 'good'. 
Both excellent and good results were considered 'satisfactory'. In patients with persistent 
pain, unsightly scars, or sufficient asymmetry to cause embarrassment, but whose sternum 
was in better position than before the operation, the results were termed 'fair'. In case a 
second operation was done or considered indicated, the result was termed 'poor'. Fair and 
poor results together were considered 'unsatisfactory'. When graded according to 
Humphreys, satisfactory results were obtained in 83.6% (excellent 44.1%, good 39.5%). 
In 25 patients (16.4%) the results were not satisfactory (fair 10.5%, poor 5.9%). We found 
no significant difference between results as graded by the patients themselfes and results as 
graded according to Humphreys. In order to evaluate factors which may influence outcome, 
only results as graded according to Humphreys will be discussed. 
The most important result for the patients was an improved cosmetic appearance 
(35%), no physical symptoms and better condition (47%) and disappearance of a fear of 
getting symptoms in the future (10.2%). 
Outcome was not significantly influenced by age at operation (p = 0.333). There 
was no significant difference in result by gender (p = 0.621). No significant relation was 
found between follow-up time and results (p = 0.255). Results were not significantly influ-
enced by severity (p = 0.596), type of deformity (p = 0.251) or symmetry (p = 0.518). 
Results were the same for Marfan-like patients and others (p = 0.464). Outcome was not 
influenced by the extent of cartilage resection (p = 0.883). There was no significant relation 
between preoperative cardiorespiratory symptoms or psychological/cosmetic complaints 
and result. Worse results were significantly related to the postoperative presence of some 
psychological/cosmetic complaints: not being free (p = 0.020), shame (p = 0.009), hiding 
the deformity (p = 0.014). 
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Results were significantly worse if wound dehiscence or infection had occurred 
(p<0.0001). The mark for the scar (0-10) was found to be significantly related to the result 
(p<0.0001). 
The patients were asked if the final result was worth all the sufferings and, scored 
on a scale of 1 to 10 (1 is not, 10 is completely), the mean score was 8.4 ± 2.5; 92% could 
recommend the operation to other patients. Eighty-eight percent was willing to undergo 
the same operation again even with all knowledge of the total treatment. The information 
which was given in advance of the operation was of help in 89% of the cases. 
II. 5. Discussion 
We have a predominance for male patients (3.3:1) as ¡salso found in the literature, in which 
a variance is reported from 9:1 [22] to 2:1 [16, 81]. We found no significant differences 
between the sexes with regard to symptoms, but males had more problems with the verbal 
reactions by others, and females with hiding the deformity. Severity, symmetry, classifica-
tion and results were not different for both sexes. 
Familial incidence is 14% and is common [84, 88, 101]. 
We found a mean age at operation of 15.3 years although we believe that the opti-
mal age is between 5 and 10 years. 
Different opinions exist about the optimal age for operation but a significant rela-
tion with the postoperative results has never been clearly established. Most surgeons advo-
cate early operation [4,5,24,28,39,41,43,71,85,100,114,116,118,120], in contrast to 
others who found results to be worse when operating at young age [45,97] and that recur-
rence in the younger child is more common [31,91] and therefore advocate operation after 
completion of growth [31,33,44,97,110]. Satisfactory anatomic and cosmetic results were 
reported on children who were operated under 36 months of age on one- to twelve year 
follow-up [85]. It has been shown, on the other hand, that the deformity disappeared or 
became insignificant in 50% of a group of infants who were not operated upon [52]. In 
50% of the patients over 20 years of age requesting for repair, Robicsek [93] found psy-
chologic instability to account for unsatisfactory results. However, the various recommen-
dations concerning the optimal age are based on evaluation of clinical results of different 
techniques in relative small groups of patients with varying periods of follow-up time. 
In order to identify the optimal age for operation, it is important to include the 
influence of age on symptoms, severity, symmetry and type of the deformity and results. In 
literature, a history of frequent respiratory infections is often present in infants and young 
children [15,63,68,89,96,114] while cardiorespiratory difficulties arc reponed to become 
manifest in adolescence as the principal complaints [13,80,89]. Psychologic and cosmetic 
problems appear in the second decade of life [15,43,46,62,76], whereas in the third deca-
de cosmetic and related psychologic factors no longer play a role of importance [6]. 
The theory of overgrowth of the costal cartilage as a causative mechanism for pec-
tus excavatum is now generally accepted [27,88,94,105]. Decreased mechanical stability as 
a result of age dependent morphologic and biochemical changes found in costal cartilage 
fifi 
[30,32,107], probably does account for the progression asymmetry with growing age. 
Acceptable results can be obtained in all ages, however, our findings support th 
preference to operate at the age of 5 to 10 years, since results were best for this age grou| 
(NS) and some physical- and most psychologic problems will likely be avoided by surgica 
correction. On the other hand, younger patients are not optimally co-operative during th 
postoperative period, which may cause pulmonary complications [85]. Since spontaneou 
improvement may occur, the decision to operate on a patient under age three should b 
deferred [52]. In older patients, permanent changes in the thoracic skeleton can compro 
mise the result [15,62]. Early repair allows for normal structural development of the child' 
chest [38,118]. Older patients experienced significantly more pain following operation 
One may speculate about a decreased psychologic trauma when operation takes place at ai 
earlier stage [85]. 
Physical symptoms as well as psychological/cosmetic complaints were found in 
considerable percentage of our patients preoperatively in accordance with studies investi 
gating psycho-social indications for surgery in pectus excavatum [19, 23]. The psychologi 
impact of pectus excavatum was found changed in a positive way in most of the patient 
after surgical correction [19]. The presence of incapacitating physical symptoms, such a 
diminution in exercise tolerance, easy fatigability and shortness of breath on exertion, i 
significant, especially in active children, who are often uncapable of persuing the activitie 
of their age [15,83,88,96]. Although still present in a number of our patients after opera 
tion, a significant improvement was noted. As preoperatively the cosmetic appearance am 
its psychologic impact was the most important reason to undergo surgical correction, it i 
interesting to note that the most important aspect in the final result was an improved phy 
sical condition and the disappearance of physical symptoms in almost half of the patient 
opposite to an improved cosmetic appearance in one third. Therefore, even patients wb 
were unaware of a physical handicap recognize an improvement postoperatively [28,31,76 
92]. 
Various physiologic methods of preoperative evaluations have been attemptcc 
These often require maximal exertion, invasive monitoring, radioisotopes or significan 
patient psychomotor skills [7,8,25,34,69,83]. Above mentioned studies involve sma 
groups of patients using tests that are not widely available. Postoperative studies arc scare 
[7,67,69] . The basis to define indications for operation was usually clinical judgement. 
An enormous variety of operative procedures have been described [88]. The pre 
blem of repair is twofold, the correction of the deformity and the maintenance of the coi 
rection [88]. None of the categorizations [52,78,81,88,96] seem sufficient to compromis 
all the different techniques. Six main types of operations can be identified: 
1. Phrenoplastic operations based on the theory of diaphragm shortening and the presen 
ce of a substernal ligament consist of division of the diaphragmatic attachments to th 
sternum [11,12,13,15,66], but as the retraction theory is now generally abandonne 
[75, 88], the operation does no longer have supporters. 
2. Cosmetic operations consist on the implantation of a silastic prosthesis in the subcut; 
neous area of the defect [65,70,102]. The greatest disadvantage is that the depression 
concealed, without correction of the bony thorax [62,83,88]. 
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3. The operation according to Wooler, based on the theory that pectus excavatum is the 
result of negative mediastinal pressure caused by the displacement of the heart to the left 
[20, 119], consists of excision of the deformed cartilages, mobilizing of the sternum and 
suturing of the pericardial sac into a central position which corrects the deformity [109, 
119]. 
4. Most operations using some sort of external traction to hold the mobilized sternum into 
position during healing, are dated 30 years ago or more [3,12,29,51,78,95] and as they 
are accompanied with serious complications and great and lasting discomfort, have now 
been abandonned [88,115]. In a recent study, however, excellent long-term results in a 
large group of patients have been reported [118]. 
5. Various methods of internal stabilization have been proposed instead and include pre-, 
trans- and retrosternal fixation [81] with Rehbein' splints [89,90], steel blades and struts 
[82,117], АО plates [351, Kirschner wires [10,37,73,79,88], Steinmann pins [36,48], 
homograft rib [2,21,87], rib cartilage [11], bone bank rib grafts [26], tibia grafts [4], 
preserved animal bone grafts ("Kieler spaan") [59]. The various rib grafts have the dis­
advantages that their variability in size and shape is limited and that resorption takes 
place in six to eight months [60]. The advantage is that they need not to be removed. 
Metallic prosthesis, on the other hand, offer an extensive variability in size and shape and 
may allow for longer internal support. The disadvantages include osteolysis as a reaction 
on a 'foreign body' and they must to be removed. 
6. Operations that refrain from the use of traction or internal support have been performed 
since the first operation of this kind in 1899 [14,31,40,72,78,97]. Most of present ope­
rations are modifications of the basic Ravitch procedure [86]. The most extreme appli­
cation of the priciplc is the sternal turnover or eversion [55,77,111,112]. Considerable 
concern has been expressed regarding potential for chest wall growth and for infection 
and necrosis after reimplantation of the large devascularized graft [42,52, 88,104,106] 
and various techniques have been reported to preserve the vascularization [42,53,106]. 
However, despite excellent results decribed by Wada [111,112], experience with sternal 
turnover operations, outside Japan, has been limited [18,42,56,57,86, 105,113]. A 
modification of the Ravitch repair was described by Daniel in 1958 [17] who used an 
internal hammock support operation. 
The importance is stressed to remove all cartilage that is deformed [17,52,62,88]. 
Considering the theory of progression of overgrowth of the costal cartilages which are not 
removed, one may speculate on a recurrence of anterior chest wall deformity. Preservation 
of the perichondrium is essential to allow costal cartilages to regenerate in order to achieve 
a support for the elevated sternum [99]. Although we noted a tendency of worsening results 
as time elapsed since operation, this was not significant and is consistent with other studies, 
although herein no statistic evaluation was used [39,47,50,52,74,100,118]. 
Generally, surgical reports mention a subjective improvement postoperatively, al­
though late recurrences may occur. Considerable controversy exists over the indications for 
surgery and the surgical technique and many series present relatively few patients, and 
comprehensive long-term follow-up is lacking [52, 118]. Furthermore, the varying defini­
tions of satisfactory and poor results, the lack of accurate evaluations of the severity of the 
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deformity and of the cardiorespiratory deficit, and even more the lack of estimations of rela-
tionships between the functional variables and the degree of the deformity make compari-
son more complex [98]. Only few series include results with a follow-up of more than 5 
years [1,4,9,25,39,52,54,74,85,97,98,100,103,104,108,111,118,120] (Table 2). 
Table 2. Long-term results of operation for pectus excavatum 
Name of first author 
[reference] 
Alnor [4] 
Moghissi [74] 
Adkins [1] 
Sulamaa [103] 
Jensen [54] 
Wada[lll] 
Borgeskov [9] 
Sehng [97] 
Robicsek [92] 
Skobos[100] 
Randolf[85] 
Zippel[120] 
Howard [150] 
Shambcrger [99] 
Humphreys [52] 
Tizian [108] 
Wolf [118] 
Haller [39] 
Year 
1961 
1964 
1968 
1970 
1970 
1970 
1971 
1971 
1974 
1975 
1977 
1978 
1978 
1980 
1980 
1981 
1987 
1989 
Type of 
operation* 
6 
6 
5 
5 
5 
6 
5 
6 
6 
5 
6 
6 
6 
6 
6 
5 
4 
6 
Patients 
operated on 
52 
> 
54 
43 
55 
199 
25 
86 
458 
72 
50 
55 
319 
229 
704 
166 
25 
157 
664 
Patients 
at follow-up 
23 
34 
24 
33 
41 
52 
132 
18 
81 
458 
18 
16 
23 
15 
50 
42 
278 
190 
704 
42 
34 
20 
10 
24 
34 
65 
35 
14 
149 
137 
66 
108 
Follow-up 
(in years) 
4 - 10 
5- 7 
8- 10 
>5 
7 - 9 
5-11 
1-15 
7-10 
5-15 
1-25 
1- 3 
4 - 6 
7 - 10 
>10 
1-12 
1-13 
11-27 
1- 10 
1 -27 
5 - 9 
10- 14 
15- 19 
>20 
1 - 10 
<2 
2 - 4 
5- 9 
>10 
1- 3 
4 - 8 
9-17 
18-39 
Satisfactory 
result (%) 
50 
50 
52 
88 
97 
94 
63 
44 
73 
87 
79 
94 
96 
86 
90 
90 
54 
90 
94 
62 
74 
60 
50 
96 
97 
94 
94 
93 
99 
99 
97 
82 
·) Categorization according to the text 4 = Sternal mobolization with external traction, 5 = Sternal mobolization 
with internal support, 6 = Sternochondroplasty without traction or internal support. 
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Although the relation between results and age and results and follow-up have been 
the topic of many studies, a careful statistical analysis to evaluate the influence of several 
other factors on outcome has rarely been performed One may speculate the results to be 
more spectacular and therefore better in the more severe and asymmetrical defects but this 
could not be confirmed by statistical analysis Statistically the results were not significantly 
different for the three types of deformity, in contrast to previous clinical impressions [15. 
62]. Comparing patients with merely preoperative physical symptoms to patients with pre­
operative psychologic symptoms, no difference was noted in result as graded according to 
Humphreys, in which both cosmetic aspect as well as the presence of symptoms are taken 
into account It is important to note that wound dehiscence and infection, with its specific 
morbidity, prolonged hospital stay and an unsightly scar significantly accounts for unsatis­
factory results All kind of skin incision has been described for the various techniques [81] 
and infections have been reported with everyone of them The transverse skin incision was 
accompanied by a hypaesthetic skin adjacent to the scar in the majority In females, it was 
stressed to maintain a sufficient distance from the areola, to avoid damage of breast tissue 
[49] It is questionable whether median incision would have avoided these complications. 
It is not surprising to find that most psychological/cosmetic complaints were still present 
postoperatively in the patients with unsatisfactory result, whereas worse results were not 
related to presence of any of the physical symptoms postoperatively 
In conclusion, satisfying long term results can be obtained with a technique which 
avoids internal prosthesis or external traction The optimal age for operation is between 5 
and 10 years, although acceptable results can be obtained at all ages Physical as well as psy­
chological cosmetic factors are positively influenced by the operation and may both serve 
as an indication for operation. 
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III. 1. Abstract 
A combined retro- and prospective study describes the findings on postero-anterior (PA) 
chest films and evaluates objective measurements on lateral chest films in pectus excavatum, 
both before and after surgical correction. The retrospective study group consisted of 152 
patients (mean age 15.3 ± 5.5 yrs; mean follow-up 8.1 ± 3.6 yrs) and the prospective study 
group 35 patients (mean age 17-9 ± 5.5 yrs) in whom postoperative evaluation was perfor-
med one year after operation. Displacement of the heart to the left was seen in more than 
50% and was significantly less predominant one year after operation, whereas other signs 
due to compression by the anterior chest wall remained unchanged or needed more time to 
resolve. In both study groups the lower (LVI) and upper vertebral index (UVI) in pectus 
excavatum patients was higher than predicted (p<0.0001), reflecting a smaller upper and 
lower PA diameter at both levels of the chest. The diameters increased after operation 
(p<0.0001), the lower being more pronounced (p=0.0001), but were still smaller than pre-
dicted (p=0.0001). A significant relation was found between severity, as established by phy-
sical examination and the depth of the depression. There was no significant relation 
between operative result and postoperative changes in the chest diameters. 
111.2. Introduction 
Pectus excavatum is a common deformity of the anterior chest wall. Early series describe 
signs of sternal depression on postero-anterior (PA) chest radiographs [1,2]. Recently [3], 
the significance of these signs was evaluated but postoperative comparison was not perfor-
med. Few attempts have been made to quantitate the severity of the deformity based on 
lateral chest films, in order to define operative indications and to facilitate postoperative 
comparison. Only those measurements in which quantification of the depth of the depres-
sion is considered relative to patient's size and age have been proved useful [4-6]. Most stu-
dies on PA chest diameter measurements arc retrospective and present small series, lacking 
long-term follow-up comparison or present follow-up studies that are not performed at a 
defined time after surgery. 
The purpose of this study is to describe signs on PA chest radiographs before and 
after operation and to evaluate objective pre- and postoperative measurements on lateral 
chest films in pectus excavatum. 
111.3. Patients and methods 
III.3.1. PATIENTS 
Between 1970 and 1987 192 patients have been operated on for pectus excavatum. A retro-
spective study with long-term follow-up was conducted in 152 patients (117 males, 35 
females) with a mean of 8.1 years (range 2.8 - 17.7). Of the 40 patients lost to follow-up, 
76 
25 could not be detected because of migration and 15 could not be motivated to partici­
pate in the study. Pre- and postoperative chest films of 145 patients could be compared 
retrospectively. Mean age at operation was 15.3 ± 5.5 years (range 4.8 - 32.7). 
In a prospective study, we compared pre- and postoperative chest films of 35 
patients (28 males, 7 females) who were operated for pectus excavatum between 1989 and 
1991 providing for exactly one year follow-up. Mean age at operation was 17.9 ± 5.6 years 
(range 9.2 - 29.9). 
III.3.2. METHODS 
All patients were seen at the outpatients department. The investigation covered pre- and 
postoperative status and estimation of results. Patients operated under the age of 15 were 
accompanied by one or both parents. At physical examination the cosmetic result was eva­
luated. 
Results were graded according to Humphreys [7] and termed 'excellent' when the 
chest appeared normal, the scar was inconspicuous, and the symptoms, if any, had gone. 
When there was some residual or recurrent sternal depression or when the scar was bother­
some, but the patient was satisfied, the result was called 'good'. Both excellent and good 
results were considered 'satisfactory'. In patients with persistent pain, unsightly scars, or suf­
ficient asymmetry to cause embarrassment, but whose sternum was in better position than 
before the operation, the results were termed 'fair'. In case a second operation was done or 
considered indicated, the result was termed 'poor'. Fair and poor results together were con­
sidered 'unsatisfactory'. 
At the PA chest radiographs the heart position was marked and considered dis­
placed to the left if the right heart border was in line with the spine or at the left side from 
it (Fig. 1). An assessment was made of a pseudotumor in the right hilar region. This abnor­
mal opacity, which is mostly seen in female patients with an asymmetrical, moderate or 
severe pectus excavatum, is due to compression of the right hilum and medial rotation of 
the right breast (Fig. 1). Scoliosis was defined as a lateral spine curvature of more than 5° 
by roentgenographs measurement [8] (Fig. 2). The prospective study also included asses­
sment of the size of the heart using the conventional cardiothoracic ratio and was conside­
red to be enlarged if the ratio exceeded 50% [3]. We further assessed if an increased pro­
minence of the right pulmonary artery (Fig. 2) and a straight left heart border was present 
(Fig. 1). 
The presence and degree of sternal depression were evaluated from the lateral chest 
film. Three indices were calculated according to Derveaux [6] (Fig. 3). The lower vertebral 
index (LVI): the ratio of ВС/AC on a line from the xyphosternal junction perpendicular on 
a vertebral body. The upper vertebral index (UVI): the ratio of EF/DF on a line from the 
sternal manubrial junction perpendicular on a vertebral body. The configuration index (CI) 
is the ratio of DE/ AB. Derveaux [6], measured normal values of these indices in a group of 
115 males and 135 females aged 1 to 40 years, which will also serve as a control group for 
our patients. In this control group, the LVI increased linearly up to the age of 10 years and 
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Fig. 1. PA chest radiograph of a 24-year-old male with severe Type III pectus excavatum. The 
heart is displaced to the lefi and there is a straightening of the lefi heart border (open arrows). A 
pseudotumor is seen in the right hilar region due to compression of the right hilum (arrows). 
remained constant beyond this age and could be described as the function: 0.193x (1-
0.326хе-°- 2 5 8 х аё е) with a 90% confidence limit of 0.038. The UVI was independent of 
age. Its value was 0.192 with a 90% confidence limit of 0.038. The CI increased linearly 
until the age of 11 years: 0.7004+0.009lxage, with a 90% confidence limit of 0.105 and 
decreased linearly from the age of 12 years: 0.8223-0.0014xage, with a 90% confidence 
limit of 0.134. Age corrected differences between the preoperative values and the predicted 
values were calculated and all values were divided by the standard deviation of the healthy 
subjects ofthat age [6]. 
~8 
Fig. 2. PA chest radiograph of a 15-year-old male with severe Type III pectus excavatum. There 
is a marked scoliosis. The heart is dispbced to the left and there is an increased prominence of a 
segment of the right pulmonary artery (open arrows). 
111.3.3. OPERATION TECHNIQUE 
Our operation is based on the Daniel technique [9] with a few modifications [10,11]. The 
operation consists of subperichondral resection of all deformed rib cartilages, transverse 
sternotomy and division of the intercostal bundles at the outer limit of the chondrectomy 
and suturing the edge of this broad sheet of muscle and perichondrium to the anterior sur-
face of the chest wall, elevating and stabilizing the sternum. 
111.3.4. STATISTICAL ANALYSIS 
Categorical data were arranged in contingency tables, and the Fisher's exact test or the chi-
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Fig. ЗА and В. Lateral chest radiograph of a 12-year-old male patient with severe Type III pec­
tus excavatum. LVI (BC/AC)=0.44, predicted value for that age 0.19, p<0.05; UVI 
(EF/DF)=0.27, pred0.19, p=<0.05; CI (DE/AB)=1.62, pred0.81, p<0.05). 
square test was used for significance. Ρ values less than 0.05 were considered significant. 
The test of McNemar was used for paired dichotomous observations. Continuous data, not 
normally distributed, were analysed with the Kruskal-Wallis test, the Mann-Whitney-U-
test, the signed rank test and the Spearman rank correlation coefficient. For normally dis­
tributed data the t-test or the Welch test were used. 
III.4. Results 
III.4.1. SYMPTOMS 
In a considerable percentage of the patients cardiorespiratory symptoms such as diminution 
in exercise tolerance, shortness of breath on exertion and upper- and lower repiratory tract 
infections were present. Psychologic/cosmetic complaints were common. The patients of 
the prospective study group were 2.6 years older, and had more upper respiratory tract 
infections, than the patients of the retrospective group. No other significant differences 
were found between both groups. 
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Table 1. Retrospective vs prospective preoperative study data. 
retrospective 
% of patients 
prospective 
% of patients 
ρ value 
Age at operation 
Gender (m/f) 
Physical examination 
Mild deformity 
Moderate deformity 
Severe deformity 
Type I deformity (Chin) 
Type II deformity 
Type III deformity 
15.3 ±5.3 
77/23 
142 
169 
68.9 
33.2 
23.7 
43.1 
17.9±5 6 
80/20 
11.8 
29 4 
58.B 
29 4 
23.5 
47.1 
0.016 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
Operation results (I lumphreys) 
Satisfactory (Excellent/good) 83.6 100 NS 
* ρ value for difference retrospective vs prospective study data. 
III.4.2. PHYSICAL EXAMINATION 
The severity of the deformity at physical examination was defined as mild, moderate or seve­
re. The deformities were classified according to Chin [12]. Type I is a symmetrical and loca­
lized deformity. Type II a symmetrical but diffuse and Type III a localized or diffuse asym­
metrical deformity. We found no significant difference between both study groups (Table 
1). 
III.4.3. RESULTS OF OPERAI ION 
Results of operation were graded according to Humphreys [7] and are shown in Table 1. 
No difFerence between the two groups was found (p = 0.28). 
III.4.4. POSTLROAN 1ERJOR CHEST RADIOGRAPHS 
The PA chest radiographic signs are given in Tables 2A and B. After operation, only the 
displacement of the heart to the left was significantly less predominant at both short-term 
as well as long-term postoperative follow-up. At long-term follow-up the prevalence of 
pseudotumor was reduced to almost one third. 
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Table 2A Posteroantenor chest radiographs. Retrospective study. 
Sign preoperative 
% of patients 
postoperative 
% of patients ρ value 
Displacement of the heart to the left 
Scoliosis 
Pseudotumor 
5 1 4 
14 5 
13 9 
23 0 
11 0 
49 
<0 01 
NS 
001 
N-145 Mean follow-up 8 1 ± 3 6 years 
* ρ value for difference postoperative vs preoperative 
Table 2B. Posteroantenor chest radiographs. Prospective study 
Sign 
Displacement of the heart to the left 
Scoliosis 
Pseudotumor 
Prominent right pulmonary artery 
Straight left heart border 
Increased cardio-thoracic ratio (>50%) 
preoperative 
% of patients 
63 6 
11 8 
0 
81 8 
60 6 
9 1 
postoperative 
% of patients 
38 2 
152 
0 
76 7 
60 6 
91 
* 
ρ value 
<0 05 
NS 
NS 
NS 
NS 
N-35 Mean follow-up 1 ± 0 years 
* ρ value for difference postoperative vs preoperative 
Table 3. Mean preoperative indices comparing retrospective study (R) and prospective study (P) 
# 
patients 
LVI 
(BC/AC) 
UVI 
(Eb/Dr·) 
CI 
(DE/ AB) 
Control (D)* 
Predicted (R) 
P E " (R) 
Predicted (P) 
PE(P) 
250 
145 
145 
35 
35 
0 1 8 ± 0 0 3 
0 19+001 
0 3 6 ± 0 1 1 l l 2 
0 19 ±0 01 
1 2 3 
0 33+0 06 ' ·3 
0 1910 02 
0 19±002 
0 26±0 05 l ' 2 
019 + 002 
1 24 
0 2 6 ± 0 0 4 1 , А Ч 
0 77 ± 0 08 
0 79 ±0 01 
1 3 0 ± 0 37 ' ' 2 
0 7 9 ± 0 0 1 
121+0 27 1 > 2 ' 4 
Mean age control (D) 14 1 ± 10 7 years 
1 p=0 000 with control (D) 3 p=0 0174 with PE (R) 
2 p<0 0001 with predicted 4 NS with PE (R) 
Derveaux, et al Chest 1989,95 850-856 
* Pectus excavatum (PE) 
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Fig. 4A and В. Postoperative lateral chest radiograph of the same patient (Fig. 3) 10 years after 
operative correction. When corrected for age (δ '), LVI significantly decreased (-6.52), reflecting 
an increased PA diameter at that level, although it is still significantly smaller than predicted for 
that age (measured 0.29; pred 0.19: p<0.05). The significant reduction of age corrected CI 
(-2.83), with grossly unchanged UVl, indicate a more pronounced increase of the lower PA dia­
meter. 
III.4.5. LATERAL CHEST RADIOGRAPHS 
From the lateral chest radiographs, three indices were calculated [6]. In Table 3 preopera­
tive mean values of the retrospective group and the prospective group are compared. 
Since the indices were dependent on age in healthy subjects they were related to 
age matched predicted values. The age corrected changes of preoperative radiographic indi­
ces are given in Table 4. The presence of none of the preoperative symptoms was found to 
be related to LVI or ÔLVI. We did find a significant relationship between 5LVI and sever-
ity of the deformity at physical examination (p = 0.0107) and between ÔUVI and severity 
(p = 0.0025). 
Postoperative values are detailed in Table 5. All values were still significantly dif-
ferent from predicted values. 
Postoperative values corrected for age were calculated and the changes of age cor-
rected values after operation are detailed in Table 6. The significant decrease in both ÔLVI 
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Table 4 Age corrected changes (d) * in preoperative indices comparing the retrospective study 
(R) and prospective study (P) 
8LVI UVI 6CI 
Control group** O i l 0 ± 1 0 ± 1 
Pectus excavatum (R) 7 3 3 1 4 6 6 l 3 09 ± 1 94 l 6 2 1 + 4 5 2 1 
Pectus excavatum (P) 5 8 7 1 2 4 9 l·2 2 9 8 1 1 7 5 ' · 2 5 1213 29 ' · 2 
* δ = (value - predicted ас чате age) / SD of predicted at that age 
1 p=0 0000 with control group" 
2 NS with PL" (R) 
" Derveaux L, et al Chest 1989,95 850-856 
Table 5A Mean postoperative values of the radiologic indices Retrospective study. 
Predicted 
Measured 
# 
patients 
145 
145 
LVI 
0 191000 
0 2910 06 λ 
UVI 
0 1 9 1 0 0 2 
0 2610 04 ' 
CI 
0 7 9 1 0 0 1 
1 0310 68 ' 
Mean age 23 3 1 6 1 years 
1 p=0 0001 for difference with predicted values 
Table 5B. Mean postoperative values of the radiologic indices. Prospective study 
Predicted 
Measured 
# 
patients 
35 
35 
LVI 
0 1 9 1 0 0 0 
0 2810 03 X'2 
UVI 
0 191002 
0 26+0 03 1 > 2 
CI 
0 7910 01 
0 9610 16 1 > 2 
Mean age 18 9 + 56 years 
1 p-0 0001 for difference with predicted values 
2 NS for difference with measured values retrospective study 
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Table 6. Age corrected differences in postoperative vspreoperative radiobgic indices (Ò ')* com-
paring retrospective (R) and prospective study (P). 
# follow-up 8'LVI 
patients yrs 
PL**(R) 145 80 + 34 -3301492 1 
PE(P) 33 1 -2 07 ±2 62 l<2 
"δ = ([postoperative value - predicted value at same age] / SD of predicted 
dieted value at same age] / SD of predicted at that age) 
1 p=0 0001 for difference postoperative vs preoperative 
2 NS with PE (R) 
ô'UVl 
-2 58 ± 1 92 ' 
0 01 ±147 x'2 
1 at that age) - ([pri 
6"C1 
-3 56 ±8 75 ' 
-3 2112 47 l'2 
îoperative value - pre-
"Pectus excavatum (PE) 
and Ol/Vi reflects a significant increase m the PA diameter at both levels (Fig. 4). No sig-
nificant relation was found between operative result and postoperative changes in indices. 
3.5. Discussion 
No single sign on PA chest radiograph is pathognomonic of sternal depression, but a com-
bination of signs allows the diagnosis Ward [3] found the most significant signs to be a 
straight left heart border, displacement of the cardiac silhouette to the left and an indistinct 
right heart border. These three signs we more commonly seen with increasing severity of 
depression. 
Our study is the first to provide for postoperative follow-up of signs on PA radio-
graphs in pectus excavatum. Displacement of the heart to the left was seen in more than 
50% of our patients before operation. In both short-term and long-term postoperative fol-
low-up, this left shift disappeared in almost half of these patients Signs ascribed to com-
pression by the depressed anterior wall such as a prominent right pulmonary artery, straight 
left heart border and an increased cardiothoracic ratio had the same prevalence one year 
after operation Another sign of compression, pseudotumor, was significantly less prevalent 
at long-term follow-up. 
The seventy of pectus excavatum used to be expressed by the minimal sternover-
tebral distance [13], however, this measurement does not account for seventy relative to 
patient's age and size. Therefore, Backer [4], suggested the vertebral index, indicating the 
percentage ratio between the minimal sagittal diameter of the chest, measured from the pos-
terior surface of the vertebral body to the nearest point on the body of the sternum, and the 
sagittal diameter of the vertebral body at the same level, which have been proved useful in 
establishing the seventy relative to patient's size and to allow objective postoperative evalu-
ation [14, 15] Although patient's size is taken into account by including measurement of 
the vertebral body, Derveaux [6], found that this vertebral index was still most significant-
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ly related to age. He modified the 'classical' vertebral index [4] by defining the line of meas-
urement to be perpendicular to the vertebral body (LVI) and provided for a control group 
of healthy individuals He found a significantly increased LVI in a group of 54 pectus exca-
vatum patients when compared with normals, and when corrected for age, it was signifi-
cantly greater than predicted The preoperative findings in our study were comparable, indi-
cating a narrowing of the chest at that level. We demonstrated that there was a significant 
relation between seventy of the deformity at physical examination and the PA diameter of 
the chest at both levels, as also found by others [3,4]. Although the PA diameter signifi-
cantly increased after operation, it was still significantly smaller than predicted. 
Furthermore, it was found that the long-term results were not satisfactory in 16%, partly 
due to a residual defect. The difference in satisfaction after operative correction between the 
two study groups, although not significant, must be explained by other factors than radio-
graphically measured PA diameters. A previous study showed [11] that results were signifi-
cantly influenced by the appearance of the scar, and not by age at operation, gender, type 
nor severity of the deformity, extent of cartilage resection or follow-up. 
As all these measurements provide information at one level of the chest only and 
not at other levels, which may possibly also be abnormal in pectus excavatum, others also 
included measurements at a higher level [6,16,17] Our study showed that the PA diame-
ter at the upper level of the chest was decreased Also the ratio of upper to lower chest dia-
meter (CI) was greater than predicted In contrast with Dcrveaux's study, in which the UVI 
was unchanged after operation, the results in our study demonstrate a significant postope-
rative increase in PA diameter of the chest at the upper level. The postoperative reduction 
in the CI in our study therefore also indicates a more pronounced increase in the lower PA 
diameter. 
In conclusion, the effects of surgical correction of pectus excavatum can be descri-
bed qualitatively from PA- and quantitatively from lateral chest radiographs The PA chest 
radiographs show slow postoperative improvement over several years, whereas the quanti-
tative changes in lateral chest films appear already at one year after operation At further fol-
low-up, no additional changes in lateral chest radiographs were noted. 
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Г . 1 . Abstract 
Pulmonary function tests were performed before surgery on 152 patients who were opera­
ted on for pectus cxcavatum between 1970 and 1987 and at long-term follow-up to assess 
the degree of impairment and to investigate any changes caused by surgical correction. The 
mean age at surgery was 15.3 5.5 years. Pulmonary function was found to be restricted 
preoperatively. Multivariate analysis demonstrated that preoperative pulmonary function 
was not related to age, the severity of the deformity at physical examination or to pulmo­
nary complaints. Only the patients with obstructive disease showed significantly more pul­
monary complaints (p = 0.042). The total lung capacity (TLC) and inspiratory vital capa­
city (IVC) were significantly related to the age-corrected (δ) postero-anterior diameter of 
the chest (lower vertebral index (LV1)) (p = 0.0001). At follow-up, mean 8.1 years ± 3.6 
years, the restriction of pulmonary function was increased despite improvement in the 
symptoms of the majority of patients and despite a significant increase in the postero-ante-
rior diameter of the chest (p = 0.0001 ): the TLC was decreased from 83.7% predicted (pred) 
preoperatively to 73.8% pred (p = 0.0001) and the IVC from 78.3% pred to 70.7% pred 
(p = 0.0001). The surgical results were satisfactory in 83.6%. No relation was found 
between the changes in pulmonary function measured at follow-up and the surgical results. 
Only the age at surgery and the changes in the TLC and IVC at follow-up were significantly 
related (p = 0.0036 resp 0.0043), although the correlation coefficients were low (r = 27% 
and 28%, respectively). The reduction in lung function at follow-up was most pronounced 
in the patients who had the least functional impairment (TLC>75% pred) preoperatively. 
No correlation was found between the changes in the pulmonary function test results at 
follow-up and follow-up interval, preoperative ÔLVI and the change in 5LVI at follow-up. 
Г .2. Introduction 
Indications for the surgical treatment of pectus excavatum mainly concerned cosmetic and 
psychological problems. However, cardiorespiratory symptoms were present in a conside­
rable percentage of the patients preoperatively [1,2,3,4] and were influenced positively by 
surgery [5]. Whether or not subjective clinical improvement after surgery results from alte­
rations in cardiopulmonary physiology, has remained controversial [4,6,7]. Preoperative 
and postoperative comparisons of lung volumes yielded variable results. Some studies repor­
ted an increase in the inspiratory vital capacity (IVC) and total lung capacity (TLC) [1,8], 
whereas more recent studies demonstrated a significant worsening [9,10] orno change [11] 
after a cosmetically successful operation. 
In our study, the preoperative and long-term follow-up pulmonary function test 
results in a group of 152 consecutive patients who were operated on for pectus excavatum 
were compared retrospectively. The aim was to assess whether and to what extent pulmo­
nary function is impaired in pectus excavatum, and to investigate the changes in pulmona­
ry function caused by surgical correction. Preoperative pulmonary function in pectus exca­
vatum patients will be related to cardiorespiratory symptoms, physical examination findings 
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and chest X-ray measurements. The correlations between changes in the lung function para­
meters and chest diameter or subjective satisfaction are described. 
IV.3. Patients and Methods 
Between 1970 and 1987 192 patients underwent surgical repair for pectus excavatum. Only 
the patients who could be questioned and examined personally at the outpatients depart­
ment were included in the study (N = 152; 79%). Of these patients, 77% were male and 
23% female. The mean age at surgery was 15.3 ± 5.5 years, range 4.8 to 32.7 years. They 
were divided into age groups so that each group contained approximately the same num­
ber of patients to facilitate statistical analysis (group 1 (n = 24): 0-9 yrs, group 2 (n = 24): 
9-13 yrs, group 3 (n = 25): 13-15 yrs, group 4 (n = 19): 15-17 yrs, group 5 (n = 36): 17-20 
yrs and group 6 (n=24): >20 yrs). The patients were followed-up for a mean of 8.1 ± 3.6 
years, range 2.8 to 17.7 years. 
Pulmonary function measurements consisted of total lung capacity (TLC) using 
the helium dilution technique, inspiratory vital capacity (IVC), residual volume (RV), func­
tional residual capacity (FRC), forced expiratory volume in 1 second (FEV1) and 
FEV1/IVC (Pulmonet III wet spirometer, Sensormedics, Bilthoven, the Netherlands). 
Values were expressed in per cent predicted values in accordance with Zapletal et al [12] for 
children and the European Community of Coal and Steel [13] for adults. The measure­
ments were performed twice: three days before the operation and during the visit to the out­
patients department for the purpose of this study. 
The presence of sternal depression and the degree of depression were evaluated 
from the lateral chest X-rays (Fig. 1). We used a modification of the vertebral index, descri­
bed previously [14], to classify the patients. At the level of the xipho-sternal junction, a line 
was drawn perpendicular to the vertebral body and the lower vertebral index (LVI) was cal­
culated by dividing the vertebral body diameter at that level by the distance between the 
xipho-sternal junction and the posterior border of the vertebral body [15]. Derveaux et al 
[15] measured the LVI in a group of 250 healthy individuals and found that it was age-
dependent. Predicted values for the various age groups can be calculated using the formu­
la 0.193 (1 - 0.326 X
 е
- ° -
2 5 8 х а
і
е ) . Age-corrected deviations from normal (5LVI) were cal­
culated by dividing the difference between the measured LVI and the predicted LVI for a 
particular age by the standard deviation of the predicted value at that age. A positive value 
meant that the LVI was higher than normal and thus the posteroanterior diameter was smal­
ler than normal. 
The operation consisted of subperichondral chondrectomy of all deformed rib car­
tilages, transverse sternotomy and division of the intercostal bundles at the outer limit of 
the chondrectomy and suturing the edge of this broad sheet of muscle and perichondrium 
to the anterior surface of the chest wall more laterally and under tension, thus elevating and 
stabilizing the sternum [5,15,17]. This technique avoided the use of internal support or 
external traction and it remained unchanged during the study period. 
Results were graded according to Humphreys et al [18] and were termed 'excel­
lent' if the chest appeared to be normal, the scar was inconspicuous and the symptoms, if 
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any, had gone. If there was any residual or recurrent sternal depression or if the scar was 
bothersome, but in general the patient and the family were satisfied, the result was called 
'good'. Excellent and good results were considered 'satisfactory'. In patients with persistent 
pain, unsightly scars, or sufficient asymmetry to cause embarrassment, but whose sternum 
was in a better position than before the operation, the results were termed 'fair'. If a second 
operation had been performed or was considered to be indicated, the result was termed 
'poor'. Fair and poor results were considered 'unsatisfactory'. 
Categorical data were arranged in contingency tables and Fisher's exact test or the 
chi-square test was used to establish significance. Ρ values of less than 0.05 were considered 
to be significant. The test of McNemar was used for paired dichotomous observations. 
Continuous data were analysed with the Kruskal-Wallis test, the Mann-Whiteney-U test, 
the signed rank test and the Spearman rank correlation coefficient. 
Fig. 1A. Lateral chest X-ray of a 17-year-old 
male with severe pectus excavatum (Type III). 
CompUints of dyspnoea on exertion, exercise 
intokrance and palpitations had developed 
over the course of a few years. The postero-
anterior diameter was greatly diminished. 
Pulmonary function was restricted (TLC 
5800 ml, 72% ofpred; IVC 3550 ml, 57% 
ofpred; FEV1/VC73%, 88% ofpred). 
Fig. IB. Lateral chest X-ray of the same 
patientât 7 years follow-up. Thepostero-ante-
rior diameter was markedly increased and the 
sternum was fairly straight. Surgical result was 
excellent without any physical compbints 
despite an increase in restriction of pulmonary 
function (TLC 5500 ml, 62% ofpred; IVC 
3500 ml, 51% ofpred; FEV1/VC 90%, 
107% ofpred). 
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IV.4. Results 
Cardiorespiratory symptoms were observed in a considerable percentage of the patients pre-
operatively [10], including decreased exercise tolerance (51.3%), easy fatiguability (43%), 
inability to take deep breaths (37.5%) and shortness of breath, mainly on exertion (31.6%). 
Surgery was indicated for psychologic/cosmetic reasons in 55.2% and for physical symp­
toms in 30.5%. In 5.3% of the patients, the prospect of physical symptoms in the future 
was the main reason for surgery. At long-term follow-up, most of the cardiorespiratory 
symptoms were less apparent (Table 1). Symptoms which were still present after operation 
were found to be less severe in the majority of the patients. 
During physical examination the severity of the deformity in our patients was esti­
mated by the surgeon and considered to be severe in 68.9%, moderate in 16.9% and mild 
in 14.2%. There were two patients with Marfan's syndrome. The deformities were classi­
fied according to Chin [1]. Type I symmetrical and localized deformity was seen in 33.2%, 
Type II symmetrical but diffuse in 23.7% and Type III localized or diffuse asymmetrical 
deformity in 43.1%. 
Table 1. Percentage of patients with physical symptoms before the operation and at follow-up 
Diminution of exercise tolerance 
Shortness of breath on exertion 
Frequent upper respiratory tract infection 
Frequent lower respiratory tract infection 
Asthmatic bronchitis 
Precordial pain 
Palpitations 
Dizziness 
Preoperative 
5 1 3 
31.6 
26.3 
17.2 
7 2 
16.4 
13 2 
11 2 
Follow-up 
36 0 
20.0 
13 0 
6 0 
4.0 
120 
1 3 0 
11 0 
Ρ 
value* 
<0.02 
<0 02 
<0 02 
<0 02 
NS 
NS 
NS 
NS 
* ρ value for difference follow-up vs preoperative 
The preoperative mean LVI was 0.36 ± 0.11 (predicted 0.18 ± 0.03; p=0.0001) 
and when corrected for age (5LVI) 7.33 ±4.66 (predicted 0 ± 1; p<0.0001), which reflec­
ted a significantly shorter postero-anterior (PA) distance beween the vertebral body and 
sternum. At long-term follow-up the 8LVI was significantly decreased (-3.30 ± 4.92; 
p<0.0001): the lower PA diameter was significantly increased, but it was still significantly 
different from the predicted value (p<0.0001). 
Pulmonary function measurements are shown in Tables 2 and 3. The TLC and 
IVC were reduced in comparison with the normal values for a particular age (p = 0.0001). 
During follow-up, the TLC increased due to normal growth, but as a percentage of pre­
dicted, it decreased further from 83.7% ± 12.3% to 73.8% ± 12.1% (p=0.0001). The IVC 
increased but as a percentage of predicted, it also also decreased from 78.3% ± 13.5% to 
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Table 2. Preoperative pulmonary function tests 
measurement 
TLC 
L 
% predicted 
IVC 
L 
% predicted 
RV 
L 
% predicted 
RV/TLC 
ratio 
% predicted 
FRC 
L 
% predicted 
FEV1 
L 
% predicted 
FEV 1/IVC 
ratio 
% predicted 
# 
patients 
115 
105 
113 
110 
113 
147 
147 
preoperative 
value 
4.848 ±1.713 
83.7 ±12.3 
3.383 ±1.316 
78.3 ±13.5 
1.332 ±0.541 
104.6 ±29.5 
28.1 ±6.3 
116.5 ±23.8 
2.303 ±0.887 
79.3 ± 14.7 
2.764 ±1.110 
79.3 ± 14.7 
82.5 ±8.2 
102.1 ±10.1 
ρ value fordirTerence 
withpredicted value* 
0.0001 
0.0001 
0.4270 
0.0001 
0.0014 
0.0001 
0.0038 
'p values by signed rank test 
Mean age at surgery 15.3 ±5.5 years 
70.7% ± 13.6% (p = 0.0001). The RV as a percentage of predicted preoperatively, was not 
significantly different from the normal values, but it decreased during follow-up (p = 
0.0001). The RV as a ratio of the TLC, however, was significantly higher than predicted (p 
= 0.0001) and decreased during follow-up (p = 0.0023). The FRC was reduced compared 
to the normal values (p=0.00l4) and decreased at follow-up from 95.6% ±24.6% to 79.4% 
± 16.8% (p = 0.0001). The lung function parameters which indicate restriction actually 
deteriorated during follow-up. The preoperative FEV1 was reduced compared to the nor­
mal values for a particular age (p = 0.0001). This was a consequence of the low IVC. When 
the FEV1 was calculated as a fraction of the IVC, the ratio FEV1/IVC was found to be nor-
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Table 3. Changes in pulmonary function tests measured atfolhw-up 
TLC 
IVC 
RV 
RV/TLC 
FRC 
FEV1 
FEV1/IVC 
number of 
patients 
113 
103 
111 
111 
111 
145 
143 
follow-up 
% predicted 
73.8 ±12.1 
70.7 ±13.6 
83.5 ±20.1 
27.4 ± 5.8 
79.4 ±16.8 
73.3 ±15.6 
101.2 ±8.8 
{ 
1 
+0.21 
+0.037 
+0.01 
+0.19 
+0.39 
L 
±0.87 
±0.83 
±0.38 
±0.53 
±0.77 
%δ 
% predicted 
-11 ± 10 
- 8 ± 1 0 
-23 ±27 
+ 6±21 
-17±19 
- 6 ± 1 5 
- 1 ±10 
ρ value" 
0.0001 
0.0001 
0.0001 
0.0023 
0.0001 
0.0001 
0.1020 
*δ = follow-up - preoperative (+ means increase, - means decrease) 
**p value for difference follow-up vs preoperative % predicted by signed rank test 
Mean age at surgery 15.3 ± 5.5 yrs; at follow-up 23 ± 6.0 yrs 
mal. Consequently there was no significant airway obstruction in this group. At follow-up, 
the forced expiratory volume in 1 second increased in absolute terms, but decreased when 
expressed as a percentage of predicted (p = 0.0001). The forced expiratory volume in 1 
second as a ratio of the vital capacity, did not change significantly during follow-up. 
We did not find a statistically significant relation between age and most of the pre­
operative lung function test results (% pred) (Fig. 2). Only the difference in the ratio 
between the measured RV/predicted RV between age groups 1 and 2, 1 and 3 and 4 and 5 
reached significance (p values 0.0077, 0.0058 and 0.0419, respectively). The correlation 
coefficient for the preoperative pulmonary function tests as a percentage of predicted with 
age, was below 0.07, with ρ values which varied from 0.482 to 0.970. 
The preoperative ratio between the measured IVC/predictcd JVC was not related 
to pulmonary complaints (p =0.336). On the other hand, we did find a significant relation 
between the presence of one or more pulmonary complaints (decreased exercise tolerance, 
easy fatiguability, inability to take deep breaths and shortness of breath on exertion) and 
obstructive disease as expressed by the ratio FEV 1 /IVC as a percentage of predicted (p = 
0.042). Symptoms of retrosternal pain and palpitations were not related to preoperative 
lung function. The severity of the deformity did not influence the various lung functions. 
The preoperative TLC, IVC and FEV1 as a percentage of predicted were signifi­
cantly related to the 6LV1 (p = 0.0001), however, correlation coefficients were low: -0.452, 
-0.451 and -0.388, respectively. A significant relation was found between the ÔLV1 and the 
severity of the deformity at physical examination (p = 0.0107), however, there was no sig-
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1301 
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I II III IV V VI 
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— TLC — IVC *-FEV1/IVC "•" RV 
Fig.2. Preoperative pulmonary function as a percentage of predicted related to the age at ope-
ration. Age group I:0-9yrs, group II: 9-13yrs, group III: 13-15yrs, group IV: 15-17yrs; group 
V: 17-20yrs andgroup VI: >20yrs. Only the difference in the ratio measuredRV/predicted RV 
between age groups 1 and 2,1 and3 and 4 and 5 reached significance (p values 0.0077, 0.0058 
and 0.0419, respectively). 
nificant relation between the severity of the deformity and the various lung function tests. 
No correlation was found between the 5LVI and the preoperative FRC as a percentage of 
predicted, RV as a percentage of predicted and the ratio FEV1/IVC as a percentage of pre-
dicted. 
Graded according to Humphreys [18], satisfactory results at long-term follow-up 
were observed in 83.6% (excellent 44.1%, good 39.5%). In 25 patients (16.4%) the results 
were unsatisfactory (fair 10.5%, poor 5.9%). 
We found no correlation between the changes in the pulmonary lung function 
tests measured at follow-up and the surgical results. The changes in the pulmonary func-
tion tests at follow-up were correlated with the age at surgery, follow-up interval, preope-
rative ôLVI and the postoperative change in 8LVI (Spearman correlation coefficient). Only 
the age at surgery and the change in the TLC and Г С at follow-up were significantly rela­
ted (p =0.0036 resp 0.0043), however, the correlation coefficients were low (r = 27% and 
28%, respectively). Other authors [14] reponed that postoperative reduction in lung func­
tion was most pronounced in the patients who had the least functional impairment pre-
operatively (>75% pred). An evaluation of our data using the Wilcoxon test, showed that 
if the preoperative 'IXC was more than 75% of predicted, the change in the TLC at follow-
on 
up was more pronounced (-12.2% ± 10.3% vs -7.4% ± 8.2%; ρ = 0.0163); similarly if the 
preoperative IVC was more than 75% of predicted, its reduction at follow-up was more 
pronounced (-9.0% ± 9.7% vs -6.2% ± 10.6%), although not significant. 
IV. 5. Discussion 
It has frequently been stated that pectus excavatum is purely a cosmetic problem and a num­
ber of publications have apppeared on related symptoms [1,2,3,4]. Common symptoms 
include diminution of exercise tolerance, dyspnoea on exertion, atypical chest pain and fre­
quent respiratory tract infection. One or more of these symptoms were present in a consi­
derable number of our patients before surgery and significant improvement was noted in 
the majority at follow-up [1,17]. 
Most of the studies on static preoperative pulmonary function in pectus excava­
tum patients reported normal function [3,9,11,19,20,21,22] or only moderate restrictive 
impairment, as expressed by a reduction in the IVC and TLC [7,10,23,24,25], especially 
in association with scoliosis [9]. Our retrospective data also revealed a significant reduction 
in the IVC and TLC compared to the normal values for a particular age. At follow-up, we 
noted an increase in the TLC and IVC in absolute terms, probably due to growth, but a 
significant decrease when expressed as a percentage of predicted. In the ideal situation we 
would be able to compare our group to patients who were followed longitudinally without 
undergoing surgery. The alteration in lung volumes with increasing age in the latter group, 
however, might well be illustrated by the lung volumes before the operation in our patients, 
who were aged between 4.8 and 32.7 years. We did not find any significant relation between 
age and preoperative lung volumes (% pred). Therefore, lung volumes were decreased at a 
young age, but when expressed as a percentage of predicted, did not show any further dete­
rioration during growth. 
Although some studies attributed symptomatic improvement after surgery to a 
demonstrable increase in the IVC and TLC [7,8], more recent studies, in contrast, repor­
ted a significant reduction in the IVC and TLC when expressed in per cent predicted fol­
lowing cosmetically successful correction [9,10,15,25,26]. This was due to increased post­
operative chest wall restriction [26], i.e., limitation of thoracic expansion by 
musculoarticular changes as a result of extensive surgery in the sternal region [9]. 
A potential criticism on the present retrospective study is the great variation in 
time between surgery and the follow-up pulmonary function tests (2.7 to 17.9 years). 
However, as we found no significant relation between the preoperative lung volumes and 
age and no significant relation between postoperative change in lung volumes and the fol­
low-up interval, it is likely that the increased restriction of pulmonary function was due to 
the operation. The reduction in lung function at follow-up was found to be most pro­
nounced in the patients who had the least functional impairment preoperatively. Therefore 
functional improvement after surgery may be expected in patients with preoperative lung 
function values of less than 75% predicted [15]; this was supported by our findings. We 
also found that increased restriction of lung function at follow-up was not correlated with 
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age at surgery, the preoperative postero-anterior diameter of the chest or the change in dia-
meter at follow-up. 
The FEV1 was found to be significantly different from the predicted values, alt-
hough there was no significant difference when expressed as a ratio of the IVC . None of 
the previous studies were able to demonstrate an obstructive ventilatory defect in pectus 
excavatum patients on the basis of the one second forced expiratory volume (FEV1), the 
'TifFenau test' or timed IVC measurements [1,3.9,24]. If an obstructive ventilatory defect 
was present, we found it to be associated with one or more pulmonary complaints. 
The change in the RV at follow-up as well as the RV/TLC ratio was significant, 
which indicated that the decrease in the TLC was due to both a decrease in the IVC and 
the RV. 
The subjective physical improvement in the majority of patients [5,27,28] is dif-
ficult to explain. Despite a significant increase in the postero-anterior diameter of the chest, 
the lung volumes showed a definite decrease at follow-up. It is generally thought that the 
exercise capacity of normal subjects depends on their cardiac output. Patients with restric-
tive pulmonary disorders, such as pectus excavatum, may not be able to increase their ven-
tilatory function as normal subjects can, because of restrictions in their chest wall mecha-
nics [7]. Several studies have presented data that pectus excavatum has a deleterious effect 
on cardiorespiratory function [3,6,29]. It has also been demonstrated that there was an 
increase in exercise performance, especially in an upright position, which could be attribu-
ted to favourable cardiac and haemodynamic effects of the operation [6,7,29,30], although 
no significant differences in work capacity were found after the operation [4,25,26]. It is 
difficult to compare these studies because of differences in surgical techniques, study pro-
tocol, the lack of control groups, the relatively small number of patients and various follow-
up intervals [25,31]. The possibility of subjective physical improvement secondary to psy-
chological factors should be considered, although this relation has never been proven 
scientifically. 
In conclusion, we performed a retrospective analysis of pulmonary function meas-
urements on a large group of patients with long-term follow-up after surgical repair for pec-
tus excavatum. Preoperative lung function values demonstrated restricted pulmonary func-
tion, which was further aggravated by the operation. Pulmonary complaints may correlate 
with coincidental obstruction, but do not correlate with preoperative restriction of the lung 
function. Although the correlation between the postero-anterior diameter of the chest and 
static lung function parameters was significant, the correlation coefficients were low. The 
satisfactory subjective long-term results of most of the patients justify surgery for psycho-
logical/cosmetic reasons. Factors other than changes in lung volumes are probably respon-
sible for the subjective physical improvement after surgery in the majority of patients. 
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V.l. Abstract 
In 35 pectus excavatum patients (17.9 ± 5.6 years) pulmonary function and maximal exer­
cise tests were compared before and at one year after operation. The lower postero-anterior 
chest diameter on the lateral X-ray was significantly smaller than normal (p<0.0001) and 
increased significantly after operation (p<0.0001). Preoperatively, total lung capacity 
(86.0% ± 14.3; ρ = 0.0001) and inspiratory vital capacity (I VC) (79.7% ± 16.2; p=0.0001) 
were significantly smaller than predicted, and further decreased after operation (-9.3% ± 
9.2; ρ = 0.0001 resp. -6.6% ± 10.8; p=0.0012). Arterial blood gas values displayed normal 
patterns with increasing exercise both before and after operation. Only the arterial pH 
decreased more postoperatively (p=0.0026). After operation there was a significant increa­
se in maximal oxygen uptake (V02 and V02/kg; p=0.0002 resp. ρ = 0.0025) and 0 2 pulse 
(V02/heart rate = indirect parameter for stroke volume; ρ = 0.0333) during exercise, whe­
reas the maximal work performed was unchanged. Efficiency of breathing (ratio of tidal 
volume/IVC) at maximal exercise improved significantly after operation (p = 0.0005). 
Ventilatory limitation of exercise (defined by an increase in PaC02 during exercise 
(5PaC02)) was found in 43.9% of the patients preoperatively. A tendency of improvement 
was noted (NS) after operation (5PaC02 О.бкРа ± 0.4 before vs О.ЗкРа ±0.5 after opera­
tion). However, the group with normal preoperative C02-elimination developed a venti­
latory limitation of exercise after operation (8PaC02 -0.4kPa ± 0.3 before vs -0.1 kPa ± 0.3 
after operation; ρ = 0.0128) with a significant increase in oxygen consumption (p = 0.0007). 
In conclusion the subjective physical improvement after operation is not explained by chan­
ges in cardiorespiratory function at exercise. The data suggest a higher work of breathing 
after operation. 
V.2. Introduction 
Surgical correction of pectus excavatum has been performed mainly for cosmetic and psy­
chologic reasons. However, many patients also experience physical complaints, which were 
suggested to be the result of decreased cardiac filling [1], stroke volume [2] and work per­
formance [3]. In spite of an increased impairment of restrictive pulmonary function after 
operation [4,5,6], relief of physical symptoms is commonly noted and improvement of car­
diorespiratory function and exercise tolerance after operation have been demonstrated 
[2,7,8]. Most studies on dynamic cardiorespiratory function concern small scries with 
varying operation techniques and study protocols. Follow-up studies are not performed at 
a defined time after surgery [6,9]. 
This study was performed to assess the degree of eventual cardiorespiratory 
impairment by pectus excavatum and to investigate the value of surgical correction. 
Ina prospective study pulmonary function and exercise cardiorespiratory function 
tests were compared before operation and at one year follow-up. 
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V.3. Patients and methods 
V.3.1. PATIENTS 
Thirty-five consecutive patients (28 males and 7 females), operated between January 1989 
and januari 1991, participated in this study. Their ages ranged from 9.3 to 29.9 years (mean 
17.9 ± 5.6 years). Each patient was studied at the initial evaluation, and again 12 months 
after surgical repair. 
V.3.2. METHODS 
Pulmonary function measurements consisted of total lung capacity by the helium dilution 
technique (TLC), inspiratory vital capacity (IVC), residual volume (RV), functional resi-
dual capacity (FRC), forced expiratory volume in 1 second (FEV1), FEV1/VC (Pulmonet 
III wet spirometer, Sensormedics, Bilthoven, The Netherlands), single breath carbon 
monoxide diffusing capacity (Sensormedics 2400, Bilthoven, The Netherlands). Values 
were expressed in percent predicted values of Zapletal et al [10] for children, and of the 
European Community of Coal and Steel [11] for adults. 
Exercise testing was performed on a previously calibrated, electronically braked 
cycle ergometer (Angio, Lode, Groningen, The Netherlands). The patient pedaled at 60 to 
70 rpm with 1-minute incremental work-load intervals. The increment of the work loads 
was based on 10% of the patient's expected performance [12]. All patients were encoura-
ged to exercise to exhaustion. The degree of effort was assessed subjectively by one of the 
investigators (HF) during the test, and objectively by comparing the patient's maximal heart 
rate, blood gas values, and lactate production. The following indices of cardiopulmonary 
function were recorded at rest, at every three minutes during exercise, at maximal exercise 
and at 3 minutes after maximal exercise: heart rate, respiratory rate, bloodpressure, oxygen 
uptake, carbon dioxide output, minute ventilation, tidal volume, and systemic arterial 
blood gas values (blood samples from brachial artery (Corning 170, Medfield Mass, USA) 
and oxygen saturation (Oxyshuttle, Sensormedics, Bilthoven, The Netherlands). Venti-
latory indices at rest and during exercise were measured with an Oxygen 4 apparatus 
(Mijnhart, Maarsbergen, The Netherlands). Heart rate was computed by a Cardiorater 
ECG monitor (Cardiac Recorders Ltd, London, England). 
The presence of sternal depression and the degree of depression were evaluated 
from the lateral chest radiographs. We used a modification of the vertebral index, described 
by previous workers [13] to classify the patients. On a line from the xypho-sternal junction 
perpendicular on the vertebral body, the lower vertebral index (LVI) was calculated by divi-
ding the vertebral body diameter at that level by the distance from the xypho-sternal junc-
tion on the backside of the vertebral body [14]. Derveaux et al [14] measured the LVI in a 
group of 250 healthy individuals and found it to be age dependent. Predicted values for the 
age groups can be calculated by the formula 0.193 (1 - 0.326 X
 e"°-
258xage) Age-correc-
ted deviations from normal (5LVI) were calculated by dividing the difference between 
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measured LVl and predicted LVI for that age by the standard deviation around the mean 
value at that age A positive value means that the LVI is above normal and thus the poste-
ro-antenor (PA) diameter less than normal. 
V.3.3. SURGICAL TECHNIQUE 
Our technique is based on the Daniel technique [15] with a few modifications [16,17]. The 
operation consists of subpenchondral resection of all deformed rib cartilages, transverse 
sternotomy and division of the intercostal bundles at the outer limit of the chondrectomy 
and suturing the edge of this broad sheet of muscle and perichondrium to the anterior sur­
face of the chest wall more laterally and under tension, elevating and stabilizing the ster­
num, which was retrosternally supported by a homologous rib cartilage to provide for some 
overcorrection. 
V.3.4. STATISTICAL ANALYSIS 
Categorical data were arranged in contingency tables, and the Fisher's exact test or the chi-
square test was used for significance. Ρ values less than 0 05 were considered significant. 
The test of McNemar was used for paired dichotomous observations. Continuous data were 
analysed with the Kruskal-Wallis test, the Mann-Whitney-U-test, the signed rank test and 
the Spearman rank correlation coefficient. 
Table I Symptoms 
Preoperative Postoperative 
Unchanged Improved 
% patients % patients % patients 
Physical symptoms 
Diminution in exercise tolerance 
Shortness of breath on exertion 
Upper respiratory tract infection 
Lower respiratory tract infection 
Precordial pain 
Palpitations 
Psychologic/cosmetic symptoms 
Preoccupation with the deformity 
Feelings of shame 
Hiding the deformity 
Affected self image 
Comments of thirds 
42 2 
39 4 
48 5 
9 1 
33 3 
24 2 
23 5 
82 4 
55 9 
32 4 
78 8 
30 8 
23 1 
1 9 6 
5 3 
115 
154 
154 
3 8 
3 8 
3 8 
192 
23 1 
69 2 
65 4 
46 2 
53 8 
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V.4. Results 
V.4.1. SYMPTOMS 
Cardiorespiratory symptoms were present in a considerable percentage preoperatively. One 
year after operation most symptoms were less predominant, and when still present, less 
severe. Psychologic cosmetic complaints were also frequently seen and include feelings of 
shame, hiding the deformity, preoccupation, affected self-image and verbal reactions on 
exposing the bare chest. These symptoms were also positively influenced by operation 
(Table 1). 
V.4.2. PHYSICAL EXAMINATION 
Deformities were classified according to Chin [18]. Type I symmetrical and localized defor­
mity was seen in 29.4%. type II symmetrical but diffuse in 23.5% and type III localized or 
diffuse asymmetrical deformity in 47.1%. Deformities were considered severe in 58.8%, 
moderate in 29.4% and mild in 11.8%. 
V.4.3. OPERATIVE RESULTS 
Results of operation were graded according to Humphreys [19] in which the cosmetic result 
as well as the presence of symptoms is taken into account. Satisfactory results were obtai­
ned in all patients. 
Table 2. Chest radiographic measurements 
Control"* 
Predicted 
Measured 
# 
patients 
250 
35 
35 
Mean age 
yrs 
14 1 ±10 7 
17.9+ 5.6 
179± 56 
IVI 
0 18 ±0 03 
0 19±001 
1,2 
0 33 ±0 06 
5IVI* 
0 ± 1 
3 
5 87 ± 2 49 
S'LVr* 
, 4 
-2 07 ± 2 62 
* 5LVI = (measured value - predicted at same age) / SD of predicted at that age 
** 5'LVI = ([postoperative value - predicted value at same age] / SD of predicted at that age) - [preoperative value 
- predicted value at same age] / SD of predicted at that age). 
1 By Welch test, ρ = 0 000 with control (D) 
2 By t-test, p<0 0001 with predicted 
3 By Welch test, p=0 0000 with control (D) 
4 By t-tcst, p=0 0001 for difference postoperative vs preoperative 
*" Derveaux.etal Chest 1989,95 850-856 
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V.4.4. CHEST RADIOGRAPHIC MEASUREMENTS 
Measurements of sternal depression on lateral chest radiographs are detailed in Table 2. 
When corrected for age (δ), the LV1 was higher than predicted (p = 0.0000), reflecting a 
smaller PA diameter at that level. The diameter significantly increased after operation 
(p<0.0001), but was still smaller than predicted for that age (p = 0.0001). There was no sig­
nificant relation between severity, as established by physical examination and 5LV1. No sig­
nificant relationship was found between preoperative 6LVI and preoperative static pulmo­
nary function measurements. There was no relation between postoperative increase in 
postero-anterior diameter and postoperative changes in static pulmonary function tests. 
Table 3. Pulmonary function measurements. 
TIC 
L 
%pred 
IVC 
L 
%pred 
RV 
L 
%pred 
FRC 
L 
%pred 
\\N\ 
L 
%pred 
FEV1/IVC 
ratio 
%pred 
# 
patients 
35 
.
 3 5 
35 
35 
35 
35 
preoperative 
value 
5 081 ±1683 
86 0 ±14 3* 
3 877 ± 1 475 
79 7 ±16.2" 
1476 ± 0 569 
103 1 ±25 6 
2 673 ± 0 978 
93 0 ± 17 9 
3 214±1 177 
83 8 ±17 8* 
84 4 ±10 6 
1 0 0 7 ± 1 3 0 
% δ " 
predicted 
- 9 3 ± 9 2 
- 6 6 1 1 0 8 
-8 6 ±18 5 
-6 9 ± 11 3 
-8 9 ± 8 3 
-1 2 ± 1 2 6 
P*" 
value 
0 0001 
00012 
0 0104 
0 0004 
0 0001 
0 3982 
* p-0 0001 for difference with predicted value 
*" %δ = postoperative %pred minus preoperative %pred (+ means increase, - decrease) 
*** ρ value for difference postoperative vs preoperative (%pred) by signed rank test. 
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V.4.5. PULMONARY FUNCTION TESTS 
Pulmonary function measurements are shown in Table 3. TLC and IVC were significant­
ly smaller than predicted preoperatively. Because both actually measured values as well as 
predicted values changed due to the operation and growth respectively, the postoperative 
changes are given as percentages of predicted. Pulmonary function further decreased after 
operation. No change was found in airway patency (FEV 1/IVC) after operation. 
V.4.6. EXERCISE STUDIES 
All patients exercised to a maximal level (Wmax) and all achieved a maximal heart rate (HR) 
of more than 170 beats per minute (Table 4). 
Arterial blood gas values were obtained in all patients and means and standard 
deviations of measured parameters are given. The arterial oxygen tension (Pa02) and 
arterial carbon dioxide tension (PaC02) showed a slightly abnormal pattern during the 
incremental exercise test: both values did not change significantly. In normal subjects the 
PaC02 decreases, and the Pa02 increases at maximal exercise [20]. The arterial pH and base 
excess (BE) displayed normal patterns with increasing exercise [20]. The "change" of arte­
rial p 0 2 and p C 0 2 during exercise was expressed by its value at maximum exercise minus 
its value at rest (5Pa02 and 6PaC02) and pre- and postoperative mean values are listed in 
Table 5. The δρΗ and δΒΕ are measured as the value at 3 minutes after maximal exercise 
minus the value at rest, as they are the result of intracellular lactate production for which it 
takes some time to be measured in the arterial blood. Most changes during exercise were 
similar for both pre- and postoperative studies, except for δρΗ which increased significantly 
after operation. 
After operation there was a significantly greater increase in oxygen uptake (V02), 
oxygen uptake per kilogram (V02/kg) and 0 2 pulse (V02/HR = indirect parameter for 
stroke volume), during exercise (Table 5). Values for V 0 2 and V02/kg at rest were not dif­
ferent before and after operation (difference postoperative minus preoperative value for 
V 0 2 -0.034, ρ = 0.3277; for V02/kg -0.248, ρ = 0.6984). At maximal exercise, oxygen 
Table 4. Work performance and heart rate at maximal exercise. 
Wmax 
HR 
8HR 
Preoperative 
mean 
193.3 ±74.4 
178 ± 16.3 
98.7 ±20.2 
Postoperative 
mean 
194.2 ±70.0 
182.3 ±10.5 
100.3 ±18.8 
Post-pre 
"value 
0.0 ±18.3 
Ρ 
NS 
NS 
NS 
* ρ value for difference postoperative vs preoperative, 
δ = value at maximal exercise minus value at rest. 
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Table 5 Exercise variables 
δ ρ Η " 
ÔPa02 
ÔPaC02 
5ВЬ 
6V02 (L/min) 
6V02/kg (ml/min/kg) 
602 pulse 
Í-R max (mm ') 
б ЕЦ тігГ
1) 
6Vd/Vt 
8AaD02 
Preoperative 
mean 
-0 132 ±0 069 
10 + 16 
0 0 ± 0 6 
- 1 0 4 + 4 4 
1 51±040 
26 8 ± 6 1 
8 2 ± 2 6 
3 5 5 1 1 0 3 
39 9 ±13 0 
22 8 ±10 1 
3 13 ± 1 15 
Postoperative 
mean 
-0 15710 067 
- 1 0 ± 1 6 
0 1 ± 0 4 
114 + 4 9 
1 67 ±0 61 
2 9 6 ± 7 9 
9 0 ± 4 4 
34 8 ± 11 5 
41 6 1 1 5 2 
26 1 1 8 9 
2 79± 0 85 
Ρ 
value* 
0 0026 
NS 
NS 
NS 
0 0002 
0 0025 
0 0333 
NS 
0 0145 
NS 
NS 
* ρ value for difference postoperative vs preoperative 
δ = value at maximal exercise minus value at rest (** 3 minutes after exercise) 
consumption significantly increased after operation (preoperative 3 1 1 ml/min/kg ± 2 0, 
postoperative 34 0 ml/min/kg ± 8 . 1 ; ρ = 0.0035). 
At maximal exercise, ventilatory frequency (FR, breaths/min) did not significant­
ly change after operation, however, minute ventilation (VE (BTPS) L/min ) increased sig­
nificantly (Table 5) Ventilatory equivalent for 0 2 (VE/V02) at maximal exercise was not 
different for both groups (28.4 ± 7.0 vs 28.3 ± 6.3). Efficiency of ventilatory gas exchange 
was calculated by dividing the ratio of tidal volume (VE/FR) at maximal exercise by meas­
ured IVC and was found to improve significantly ¿iter operation (0.39 ±0 08 vs 0 45 ±0.09; 
Table 6 Physical fitness 
Preoperative 
mean 
Wmax/OHR" 194 4 ±67 3 
Wmax/6BEn 20 2 ±7 3 
Postoperative 
mean 
202 0 ± 60 6 
-210 ±13 5 
Post pre 
mean 
1 8 ±35 8 
-0 3 ±12 7 
Ρ 
'value 
0 7855 
0 0645 
* ρ value for difference postoperative vs preoperative 
** Wmax/8HR = HR (beats/min) at maximal exercise minus HR values at rest as a ratio of maximal 
work performed (Watt) 
" Wmax/δΒΕ = BE at maximal exercise minus BE at rest as a ratio of maximal work performed (Watt) 
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ρ = 0.0005). The change of dead space volume as a ratio of tidal volume (Vd/Vt) during 
exercise was not different when compared before and after operation (Table 5). 
Diffusion capacity was assesssed by the alveolar-arterial oxygen tension difference 
(AaD02). The change of AaD02 during exercise as expressed by its value at maximum exer­
cise minus its value at rest (5AaD02) is detailed in Table 5. No significant deviation was 
found. 
Physical fitness was approximated by the ratio Wmax/ÔHR and Wmax/δΒΕ 
(Table 6). No significant differences were found between pre- and postoperative values. 
Ventilatory limitation of exercise capacity was defined as 5PaCO2>0 and was 
found in 43.9% (15/35) of the patients preoperative vs 46.9% (15/32) postoperative. 
Exercise characteristics of this specific group of patients are detailed in Table 7A. A tend­
ency of improvement (NS) is noted postoperatively (5PaC02 О.бІкРа ± 0.46 before vs 
0.3 lkPa± 0.50 after operation). Exercise characteristics of the patients without ventilatory 
limitation (5PaCO2<0) are listed in Table 7B. In this group, elimination of C 0 2 was found 
to be significantly reduced at exercise after operation with significant increases in oxygen 
uptake and consequently C02-production and minute ventilation. In 4/32 patients a pre-
Table 7A. Exercise characteristics of patients with preoperative ventiktory limitation (SPaCO2>0). 
Wmax (Watt) 
8PaC02 (kPa) 
SVE (L/mm) 
5V02/kg (ml/min/kg) 
VEEQ(max)** 
Preoperative 
mean 
2016178 6 
06 + 0 5 
39 1 ±10 0 
2 8 9 ± 6 2 
26 Ъ ± 5 7 
Postoperative 
mean 
192 5 + 73 1 
0.3 ±0.5 
39.1 + 17 0 
2 8 0 1 1 0 7 
27 6 ± 5 5 
Ρ 
value" 
10000 
01111 
0 5167 
0 4238 
0 5773 
Table 7B. Exercise characteristics of patients without preoperative ventilatory limitation 
$PaCO2<0). 
Wmax (Watt) 
5PaC02 (kPa) 
5VE (L/min) 
6V02/kg (ml/min/kg) 
VE EQ (max)" 
Preoperative 
mean 
187 5 ±72 6 
-0 4 ±0 3 
35 5 ±14 8 
25 5 ± 5.8 
3 0 0 ± 7 6 
Postoperative 
mean 
195 5 ±69 6 
-0 1 ±0 3 
43 4 ±14 0 
30.7 ± 5 0 
28.8 ±7.0 
Ρ 
value* 
0.6626 
0 0128 
0 0085 
0 0007 
0 6537 
* ρ value for difference postoperative vs preoperative 
** VE EQ (max) = ventilation equivalent at maximal exercise (VE/V02) 
δ = value at maximal exercise minus value at rest 
inq 
operative ventilatory limitation of exercise disappeared. In 5/32 patients a ventilatory limi-
tation was present after operation, which was not present in the preoperative state. In 23/32 
no change occurred in the ventilatory status at maximal exercise. 
A "second wind phenomemon" was characterized by a transient increase in PaC02 
at approximately the 6th minute of exercise. This can be interpreted as a manifestation of 
bronchial hyperactivity [21]. This was found in 22.9% of patients pre- and 36.4% post-
operatively (NS). For this specific group of patients FEV1/IVC and maximal expiratory 
flow at 50% of IVC (MEF50), both expressed as percentage of predicted, were compared 
with the values of patients without this phenomenon, before and after operation. No sig-
nificant difference was found in FEV1/IVC and MEF50, both as percentage of predicted, 
between patients with or without "second wind", nor before, neither after operation. 
V.5. Discussion 
Restrictive impairment of pulmonary function, expressed by reduced TLC and IVC, is 
commonly noted in pectus excavatum [6,7,22] although normal functions are also found 
[5,23]. We also found evidence of a restricted ventilation, which was not ameliorated by 
operation. The significant reduction in TLC and IVC after operation was also found by 
others [3,5,6,24] and is probably due to increased postoperative restriction of the chest wall 
[3,5,14]. 
The commonly found symptomatic improvement after operation [7,8,17] is dif-
ficult to explain, when in spite of a significant increase of PA diameter of the chest, as found 
in this study, lung volumes demonstrate a definite decrease after operation. 
Castile et al [22] found that oxygen uptake during exercise exceeded predicted 
values at greater work loads in 5 symptomatic pectus excavatum patients, whereas the 2 
asymptomatic patients did not show the same process. They suggested that these findings 
in symptomatic patients were due to decreased chest wall compliance and an increased work 
of breathing. However, in experimental studies by Mead et al [25] no difference in chest 
wall compliance was found between pectus excavatum patients and normal individuals. In 
exercise studies on 19 patients with pectus deformities, Cahill et al [7] reported a signifi-
cant improvement in total exercise time and maximal oxygen uptake after operation in 14 
pectus excavatum patients, whereas no change was observed in 5 pectus carinatum patients. 
In addition, at any given heart rate, the pectus excavatum patients demonstrated a lower 
heart rate and higher minute ventilation after operation. In contrast, Gyllensward et al [3] 
found no significant differences between normal subjects and pectus excavatum patients 
compared before and after operation with regard to exercise tolerance assessed by the work 
performed at a heart rate of 170 beats/min. Wynn et al [6] stressed the importance of stu-
dying patients at a defined time after operation, thereby controlling for changes in somatic 
size and physical fitness. They also provided for a control group of 4 non-operated patients. 
Exercise duration and work performed (% pred) increased significantly in a small group of 
8 patients after surgical correction. Although not significant, there was a small increase in 
maximal oxygen uptake and a slight increase in minute ventilation in both groups. In our 
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study, a large group of pectus excavatum patients was studied before and one year after ope­
ration. Rather than indexing values for body size we prefer to measure the change during 
exercise, expressed as the value at maximum exercise minus the value at rest (δ) [20]. After 
operation a significant increase was found in maximal oxygen uptake during exercise, whe­
reas the maximal work performed was unchanged. We further noticed a slightly higher 
increase in BE (lactate), minimally greater increase in P a C 0 2 and significant decrease in 
pH after operation, showing significantly higher acidification during exercise. Since the 
maximal work load was virtually unchanged after operation, this might indicate that rela­
tively more anaerobic work had to be done for the same exercise performance. As the oxy­
gen uptake at rest was unchanged, the significant increase in oxygen uptake after operation 
together with increased acidification at exercise may suggest that more muscle activity is 
needed at maximal exercise that does not contribute to external work-load, which may indi­
cate an increased activity of the ventilatory musculature. This is supported by the observa­
tion that minute ventilation was significantly increased after operation. Ventilatory equi­
valent for 0 2 (VE/V02) did not change, reflecting an unchanged extraction of oxygen, in 
spite of a further decrease of TLC and IVC after operation. At maximal exercise, the effi­
ciency of breathing expressed in terms of the ratio tidal volume/IVC improved significant­
ly after surgery, suggesting a reduction of dead space ventilation. However, when measu­
ring the change in dead space volume as a ratio of tidal volume during exercise using the 
Bohr equation, we found no difference between pre- and postoperative values. The in­
creased work of respiration in pectus excavatum patients after operation in above mention­
ed studies, which was also found in our study, was considered to be due to decreased chest 
wall compliance after surgery. 
In the group with preoperative ventilatory limitation we noted a tendency of 
improvement after operation (NS), without a change in oxygen consumption. It is striking, 
however, that the group with normal preoperative C02-elimination developed a ventilato­
ry limitation after operation, with a significant increase in oxygen consumption and conse­
quently in C02-production. Minute ventilation also increases, but not enough to cope with 
the increased C02-production, resulting in a rise in PaC02. As the external workload is 
unchanged, the extra oxygen consumption is most probably needed for the extra ventila­
tion. 
In this study the increase during exercise of the 0 2 pulse, as an indirect parame­
ter for stroke volume, was significantly greater after operation. Increase in 0 2 pulse is either 
due to an increase in stroke volume and/or due to an increase in arterial-mixed venous 
(a-v) oxygen difference (Fick equation). Increased a-v oxygen difference would indicate a 
higher peripheral oxygen extraction. The peripheral working muscles would be more 
hypoxic, which would lead to an increased lactate and δΒΕ. As this was not found, it is high­
ly likely that the increased 0 2 pulse is due to increased stroke volume. Previous studies 
[1,2,3] have clearly shown a reduced stroke volume response during exercise in pectus exca­
vatum patients. Bevegârd [1] demonstrated a lower increase in stroke volume from rest to 
exercise in pectus excavatum patients, as compared to normal subjects. He attributed this 
impaired ventricular filling to a a lower efficiency of the respiratory pump. Beiser et al [2] 
provided more evidence that the cardiac function of pectus excavatum patients is impaired 
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during exercise. Cardiac catheterization on a small group of pectus excavatum patients 
showed a significant increase in the cardiac index postoperatively when performing exerci-
se in a sitting position, presumably on the basis of an increased stroke volume. The obser-
ved decrease in heart rate at any given work rate after operation as observed by Cahill et al 
[7], would support the hypothesis that some of the improvement in exercise capacity is the 
result of an increase in cardiac stroke volume. In contrast, Peterson et al [8] found no effect 
of operation on cardiac index or left and right ventricular ejection fraction at rest or during 
exercise. These findings are consistent with studies in which no apparent abnormalities of 
cardiac output and stroke volume responses were found at rest or during exercise in pectus 
excavatum patients neither pre- or postoperatively when compared to normal subjects 
[6,26]. 
In conclusion this study was unable to clarify the subjective physical improvement 
which is commonly found after surgical correction of pectus excavatum. Preoperative lung 
function was found to be restricted. In spite of an increase of restriction after operation, the 
work performance was unchanged. Oxygen consumption at exercise increased, most pro-
bably due to a higher work of breathing. 
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CHAPTER VI 
Summary and conclusions 
In Chapter 1 a general introduction is given and the aims of the study are outlined. 
Subsequently, after a comprehensive historical survey on pectus excavatum, the various 
theories concerning the etiology are discussed. The clinical features and diagnostic methods 
for pectus excavatum are summarizedand associated anomalies arc described. Finally, the 
various operative techniques for the correction of pectus excavatum, together with possible 
complications, are presented. Generally, the surgical reports mention a subjective improve­
ment at follow-up. Considerable controversy exists over the indications for surgery and the 
surgical technique. Many series present relatively few patients and comprehensive long-
term follow-up is lacking. The varying definitions of satisfactory and poor results, the lack 
of accurate evaluation of the severity of the deformity and of the cardiorespiratory deficit 
and the lack of an estimation of relationships between the functional variables and the de­
gree of deformity, make comparison more complex. These controversies encouraged us to 
make a retrospective assessment of the clinical picture, including radiographic signs and 
measurements and pulmonary function measurements and their changes after surgery, in a 
large group of 152 pectus excavatum patients with a follow-up of up to 17.7 years. We also 
performed a prospective analysis on the exercise cardiorespiratory function of 35 pectus 
excavatum patients with postoperative assessment performed at 1 year follow-up. The study 
objectives were: 
1. To analyse the long-term results of an ostcochondroplastic technique fot the correction 
of pectus excavatum, without the use of internal prosthesis or external traction. 
2. To evaluate factors which may influence the outcome. 
3. To define indications for surgery. 
Chapter 2 reports the results of a retrospective analysis on a large group of 152 patients who 
underwent surgical correction for pectus excavatum with a follow-up of up to 17.7 years. 
The deformity was noted before the age of 5 years in 90%. The preoperative status inclu­
ded the presence of physical symptoms, such as easy fatigability, shortness of breath on 
exertion, inability to take deep breaths and diminution of exercise tolerance at a percenta­
ge which varied from 32 to 51. The lattei two symptoms were significantly telated to age, 
with a predominance in the older age groups. Psychological/cosmetic symptoms, such as 
feelings of shame, negative self-image, preoccupation with the deformity and persistent 
efforts to hide the deformity were present in 40 to 60 percent and were all significantly rela­
ted to age, with a predominance in the older age groups. Significantly more diffuse and 
asymmetrical deformities were seen in the older age groups. The surgical technique, which 
is an imitation of the Daniel technique and which has remained unchanged during the 
study period, is outlined and the complications as well as the patient's perioperative expe­
rience are reported. The assessment of the surgical results included both the cosmetic result 
as well as the presence of symptoms. Satisfactory results were obtained in 83.6%. Surgical 
results were not significantly influenced by the age at surgery, gender, severity, type, sym­
metry of the deformity, the extent of cartilage resection or the follow-up interval. Results 
were only negatively influenced by the occurrence of wound problems, which was observed 
in 19 patients (12.6%). Based on these findings, satisfactory long-term results can be obtai­
ned using a technique which avoids the use of an internal prosthesis or external traction. 
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Physical as well as psychological/cosmetic symptoms were positively influenced by surgery 
and may therefore both serve as indications for surgery. 
Chapter 3 presents the findings of a combined retrospective and prospective study on the 
postero-anterior (ΡΛ) chest films and evaluates the objective measurements on the lateral 
chest films of pectus excavatum patients, both before and after surgical correction. The 
retrospective study group consisted of 152 patients with a follow-up of up to 17.7 years. In 
the prospective study group (N=35) the preoperative chest films were compared with the 
films one year after the operation. This study is the first to conduct postoperative follow-
up on the basis of signs on PA radiographs. Displacement of the heart to the left was seen 
in more than 50% and was significantly less predominant one year after the operation, whe­
reas other signs which were ascribed to compression by the anterior chest wall, remained 
unchanged or needed more time to resolve, such as pseudotumor of the hilum. The pre­
sence and the degree of sternal depression were evaluated on the lateral chest film. The ster­
novertebral distance at the lower and upper levels of the chest was measured relative to the 
PA diameter of the vertebral body at that level. As these values were found to be age-depen­
dent, the values were compared to age-predicted values. When corrected for age (δ), the 
lower (LVI) and upper vertebral indices (UVI) were higher than predicted, which reflected 
a smaller PA diameter at both levels of the chest. Both the upper and lower PA chest dia­
meters increased significantly after the operation, the latter being the most pronounced, but 
they were still significantly smaller than predicted. A significant relation was found between 
the severity, as established by physical examination and the depth of the depression at both 
the upper and lower levels of the chest. No significant relation was found between the sur­
gical result and postoperative changes in the chest diameters. It was concluded that the 
effects of surgery can be assessed qualitatively from the PA radiograph and quantitatively 
from the lateral chest radiograph. 
In Chapter 4 the results are presented of a retrospective study in which pulmonary func­
tion tests were performed before and after surgical correction for pectus excavatum with 
long-term follow-up. Preoperative pulmonary function was found to be restricted. By using 
multivariate analysis, ic was demonstrated that preoperative pulmonary function was not 
related to age at surgery, the severity of the deformity at physical examination or to pul­
monary complaints, except in the patients with obstructive lung disease, in whom signifi­
cantly more pulmonary complaints were present. The TLC and IVC were significantly rela­
ted to the age-corrected (δ) postero-anterior (PA) diameter of the chest (lower vertebral 
index (LVI)), although the relation coefficients were low. Despite the subjective physical 
improvement in the majority of patients and despite the significant increase in the PA dia­
meter of the chest, pulmonary function restriction was aggravated after surgery. The assess­
ment of surgical results included both the cosmetic result as well as the presence of sym­
ptoms and was satisfactory in 83.6%. No relation was found between the postoperative 
changes in pulmonary function and the surgical results. Only the age at surgery and the 
postoperative change in the TLC and IVC were significantly related, although the correla­
tion coefficients were low. Postoperative reduction in lung function was most pronounced 
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in the patients who had the least functional deficiency before the operation (IVC >75% 
pred). No correlation was found between the postoperative changes in the pulmonary func­
tion tests and the preoperative 5LVI, the postoperative change in 5LV1 and the follow-up 
interval. It was concluded that the subjective physical improvement after surgery in the 
majority of patients should be attributed to factors other than changes in lung function. 
In Chapter 5 we report on a prospective comparative study on pulmonary function and 
exercise cardiorespiratory function tests before the operation and at one year follow-up. 
This study demonstrated preoperative restrictive pulmonary function impairment, which, 
despite a significant increase in the PA diameter of the chest, further deteriorated after the 
operation. Oxygen uptake during exercise increased significantly after the operation, whe­
reas the maximum work performed was unchanged. A slight increase in the BE (lactate), a 
slight increase in the PaC02 and a significant decrease in the pH after the operation was 
demonstrated, which suggested significantly higher acidification during exercise. These 
data indicated that more muscle activity was needed during maximal exercise which did not 
contribute to the external work-load and which may signify increased work of the ventila­
tory musculature. This was supported by the observation that the minute ventilation incre­
ased significantly after the operation. In the group with preoperative ventilatory limitation, 
a tendency towards improvement was noted after the operation (NS), without any change 
in the oxygen consumption. However, the group with normal preoperative C 0 2 elimina­
tion developed ventilatory limitation after surgery with a significant increase in oxygen con­
sumption and consequently in C 0 2 production. Minute ventilation also increased, but not 
enough to cope with the increased C02-production and resulted in a rise in the PaC02. 
As the external work-load was unchanged, the extra oxygen consumption was most proba­
bly needed for extra ventilation. It was concluded that this study was unable to clarify the 
subjective physical improvement which is commonly found after surgical correction for 
pectus excavatum. 
The conclusions which can be drawn from this thesis are: 
1. Satisfactory long-term results can be obtained using a surgical technique for the correc­
tion of pectus excavatum which avoids internal prosthesis or external traction. 
2. Significantly more diffuse and asymmetrical pectus excavatum deformities are found 
with increasing age. 
3. Physical as well as psychological/cosmetic symptoms are positively influenced by ope­
ration for pectus excavatum. 
4. Surgical results are not significantly influenced by age at surgery, gender, severity, type 
and symmetry of the deformity, the extent of cartilage resection or follow-up interval. 
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5. Surgical results are negatively influenced by the occurrence of wound problems as a 
complication of surgery. 
6. The effects of surgical correction can be assessed qualitatively on postero-anterior chest 
radiographs and quantitatively on lateral chest radiographs. 
7. The postero-anterior diameter of the chest on the lateral chest film is significantly redu-
ced in pectus excavatum patients. After surgical correction, the postero-anterior diame-
ter at both the upper and lower levels of the chest increase, the latter being the most pro-
nounced. 
8. Pulmonary function restriction is common in pectus excavatum patients and increases 
after surgical correction. 
9. There is no relation between pulmonary function and age in pectus excavatum patients. 
10. The subjective physical improvement which is commonly found after surgical correc-
tion of pectus excavatum cannot be explained by changes in exercise cardiorespiratory 
function after the operation. 
11. The significant increase in oxygen uptake after the operation, together with increased 
acidification during exercise, with an unchanged exercise performance, may suggest that 
more muscle activity is needed at maximal exercise which does not contribute to the 
external work-load and may indicate increased activity of the ventilatory musculature. 
Final conclusion: 
The satisfactory long-term subjective results after surgical correction justify surgery for psy-
chological/cosmetic reasons. This thesis is unable to identify factors to explain the subjec-
tive physical improvement after operation for pectus excavatum. 
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CHAPTER VII 
Samenvatting en conclusies 
[η Hoofdstuk 1 wordt een algemene inleiding gegeven en worden de doelstellingen van dit 
oroefschrift uiteengezet. Na een historisch overzicht worden de verschillende theorieën over 
tiet ontstaan van pectus excavatum (trechterborst) besproken. Vervolgens wordt het kli-
nisch beeld belicht, de verschillende diagnostische onderzoeken beschreven en een opsom-
ming gegeven van met pectus excavatum geassocieerde ziektebeelden. Tenslotte worden de 
verschillende operatietechnieken ter correctie van pectus excavatum, met de mogelijke com-
plicaties daarbij, beschreven. De meeste studies melden een subjectieve verbetering na de 
operatie. Er bestaat echter een aanzienlijke controverse aangaande de indicatie voor opera-
tie alsook de operatietechniek. De zeer uiteenlopende interpretaties van goede en slechte 
resultaten, het onvoldoende nauwkeurig definieren van de mate van ernst van de afwijking 
sn het niet correleren van de verschillende functionele variabelen aan de mate van ernst 
maken het vergelijken van de diverse studies zeer complex. Deze controversen gaven ons 
aanleiding tot het verrichten van een retrospectieve analyse naar de resultaten van thorax-
wandcorrectie bij een grote groep van 152 pectus excavatum patiënten, waarbij preopera-
tieve klinische gegevens, inclusief röntgenologische aspecten en metingen alsook longfunc-
tiebepalingen werden vergeleken met de postoperatieve waarden, met een follow-up tot 
17.7 jaar. In een prospectieve studie werden bij 35 patiënten bovenstaande variabelen als-
ook de cardiorespiratoire functie tijdens inspanning vóór, en één jaar na de operatie met 
elkaar vergeleken. De doelstellingen van dit proefschrift zijn: 
1. Analyse van de resultaten op lange termijn van chirurgische behandeling van pectus 
excavatum, zondet het gebruik van intern prothese materiaal of externe tractie. 
2. Analyse van factoren die het resultaat kunnen beïnvloeden. 
3. Definiëren van indicaties voor operatieve behandeling. 
[n Hoofdstuk 2 worden de resultaten besproken van een retrospectieve analyse van een 
»rote groep van 152 patiënten die een thoraxwandcorrectie ondergingen voor pectus exca-
vatum met een follow-up tot 17.7 jaar. De misvorming werd bij 90% opgemerkt vóór de 
leeftijd van 5 jaar. Preoperatief kwamen symptomen als snel moe zijn, benauwdheid bij 
inspanning, het onvermogen diep door te kunnen zuchten en verminderd uithoudingsver-
mogen voor in 32 tot 51 % der gevallen. De laatste twee symptomen bleken significant gere-
lateerd aan de leeftijd, met een vaker voorkomen ervan in de oudere leeftijdsgroepen. 
Psychologische/kosmetische klachten als schaamtegevoelens, bekommerd zijn om de afwij-
king, minderwaardigheidscomplex en moeite doen de afwijking te verbergen, kwamen vóór 
ie operatie voor in 40 tot 60% der gevallen en bleken alle significant gerelateerd aan de leef-
tijd, met een vaker voorkomen ervan in de oudere leeftijdsgroepen. Er werden significant 
meer diffuse en asymmetrische misvormingen waargenomen in de oudere leeftijdsgroepen. 
De chirurgische techniek, die een imitatie is van de door Rollin Daniel in 1958 beschreven 
operatie en welke onveranderd is gebleven gedurende de studieperiode, wordt nader toege-
licht en de complicaties alsook de subjectieve perioperatieve ervaringen van de patiënten 
•vorden beschreven. Bij de beoordeling van het operatieresultaat werd rekening gehouden 
met zowel het kosmetisch resultaat alsook het voorkomen van symptomen. Een bevredi-
gend operatieresultaat werd verkregen in 83.6%. Het operatieresultaat bleek niet signifi-
a n t te worden beïnvloed door de leeftijd ten tijde van operatie, geslacht, type afwijking, 
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ernst van de afwijking, symmetrie van de afwijking, de uitgebreidheid van kraakbeenresec-
tie of het follow-up interval. De resultaten werden alleen in ongunstige zin beïnvloed door 
het optreden van een wondprobleem, zoals werd waargenomen bij 19 patiënten (12.6%). 
Op grond van de gegevens werd geconcludeerd dat bevredigende resultaten op lange ter-
mijn kunnen worden verkregen met een operatietechniek waarbij wordt afgezien van het 
gebruik van intern prothesemateriaal en externe tractie. Lichamelijke klachten zowel als psy-
chologische/kosmetische klachten werden positief beïnvloed door de operatie en de aanwe-
zigheid van een of beide klachten kan derhalve dienen als indicatie voor operatie. 
In Hoofdstuk 3 worden de resultaten beschreven van een gecombineerde retrospectieve- en 
prospectieve studie waarin afwijkingen op de achter-voorwaartse röntgenfoto van de thorax 
en objectieve metingen op diverse niveaus op de dwarse thoraxfoto bij patiënten met pec-
tus excavatum vóór en na de operatie met elkaar worden vergeleken. De retrospectieve stu-
diegroep was samengesteld uit 152 patiënten met een postoperatieve follow-up tot 17.7 jaar. 
In de prospectieve groep (N=35) werden de preoperatieve thoraxfoto's vergeleken met die 
van één jaar na de operatic. Dit is de eerste studie waarin het voorkomen van afwijkingen 
op de ach ter-voorwaartse thoraxfoto van patiënten met pectus excavatum werd vergeleken 
met foto's na operatieve correctie. Verplaatsing van het hart naar links werd waargenomen 
bij meer dan 50% en werd significant minder vaak gezien één jaar na de operatie. Andere 
afwijkingen die zijn toegeschreven aan compressie door de voorste thoraxwand bleven 
onveranderd aanwezig of hadden meer tijd nodig om te verdwijnen, zoals ingeval van een 
pseudotumor van de hilus. De aanwezigheid en de ernst van sternumdepressie werd bestu-
deerd op de dwarse thoraxfoto. De afstand sternum-wervelkolom op een laag- (ter plaatse 
overgang corpus sterni en processus xyphodeus) en hoog (ter plaatse overgang corpus ster-
ni en manubrium) niveau werd gemeten en gerelateerd aan de achter-voorwaartse diameter 
van de wervel op dat niveau. Omdat deze waarden leeftijdsafhankelijk bleken te zijn, wer-
den de gemeten waarden vergeleken met voor leeftijd voorspelde waarden. De voor de leef-
tijd gecorrigeerde waarden van de lage (LVI) en de hoge (UVI) vertebrale index bleken sig-
nificant hoger uit te vallen dan voor die leeftijd voorspeld, hetgeen inhoudt dat de diameter 
op beide niveaus kleiner is dan normaal. Zowel de hoge als lage achter-voorwaartse diame-
ter namen na de operatie significant toe, de laatste het meest uitgesproken, echter ook dan 
nog waren beide diameters significant kleiner dan normaal. De ernst van de afwijking, zoals 
gedefinieerd bij lichamelijk onderzoek, bleek significant gerelateerd aan de gereduceerde 
achter-voorwaartse diameters van de thorax op beide niveaus. Het resultaat van de operatie 
was niet gerelateerd aan de verandering in achter-voorwaartse diameter na de operatie. Deze 
studie geeft aan dat de effecten van de operatie kwantitatief kunnen worden beoordeeld op 
de achter-voorwaartse- en kwantitatief van de dwarse thoraxfoto. 
In Hoofdstuk 4 worden de resultaten besproken van een retrospectieve studie waarbij de 
preoperatieve longfunctie werd vergeleken met de longfunctie op lange termijn na opera-
tieve behandeling voor pectus excavatum. De preoperative longfunctie bleek restrictief 
gestoord. Multivariabele analyse toonde aan dat de preoperative longfunctie niet was gere-
lateerd aan de leeftijd ten tijde van operatie, de ernst van de afwijking zoals vastgesteld bij 
1?4 
lichamelijk onderzoek of aan pulmonale klachten. Alleen in geval van een obstructief 
gestoorde longfunctie kwamen significant vaker pulmonale klachten voor. De TLC en IVC 
bleken significant gerelateerd aan de voor de leeftijd gecorrigeerde (δ) lage achter-voor­
waartse diameter van de thorax (lower vertebral index (LVT)), hoewel de correlatiecoëffi-
ciënten laag waren. Ondanks een subjectieve lichamelijke verbetering bij de meerderheid 
van de patiënten en ondanks een significante toename van de ach ter-voorwaartse diameter 
van de thorax, was er een toename van de restrictie van longfunctie na de operatie. Bij de 
beoordeling van het operatieresultaat werd rekening gehouden met zowel het kosmetisch 
resultaat alsook het voorkomen van symptomen. Het resultaat was bevredigend in 83.6%. 
Er was geen verband tussen het operatieresultaat en de veranderingen in longfunctie na de 
operatie. Alleen de leeftijd ten tijde van operatie bleek gerelateerd aan de verandering in 
TLC en IVC na operatie, doch de correlatiecoëfficiënten waren laag. De toename van res-
trictie van de longfunctie na de operatie bleek het meest uitgesproken bij patiënten met pre-
operatief de minst functionele longfunctieafwijking (IVC>75% voorspeld). Er bleek geen 
verband aanwezig tussen postoperatieve veranderingen in longfunctie enerzijds en preope-
rative 5LVI, de verandering in ÔLVI na de operatie en de follow-up duur anderzijds. Op 
grond van deze bevindingen werd geconcludeerd dat de subjectieve lichamelijke verbete-
ring na de operatie die werd gevonden bij de meerderheid van de patiënten moet worden 
toegeschreven aan andere factoren dan aan veranderingen in longfunctie. 
In Hoofdstuk 5 worden de resultaten beschreven van een prospectieve studie waarbij de 
preoperatieve longfunctie en cardiorespiratoire functie tijdens inspanning werden vergele-
ken met waarden verkregen één jaar na de operatie. Preoperatief bleek sprake van een res-
trictief gestoorde longfunctie. Na de operatie was er een toename van de longfunctieres-
trictie ondanks een significante toename van de achter-voorwaartse diameter van de thorax. 
De zuurstofopname tijdens inspanning nam na de operatie significant toe, terwijl het maxi-
maal geleverd vermogen gelijk bleef. Na de operatie was er een geringe toename van de BE 
(lactaat), een geringe toename van de PaC02 en een significante daling van de pH tijdens 
inspanning, suggestief voor een significante verzuring tijdens inspanning. Er is dus meer 
spieraktiviteit nodig tijdens maximale inspanning die niet bijdraagt aan een toename van 
geleverd vermogen, hetgeen mogelijk duidt op een verhoogde arbeid van de ademhalings-
spieren. Deze veronderstelling wordt gesteund door de waarneming dat het ademminuut-
volume na de operatie significant toenam. In de groep van patiënten waarbij preoperatief 
sprake was van een ventilatiebeperking, was na de operatie een tendens waarneembaar tot 
verbetering (NS), zonder duidelijke verandering in zuurstofopname. De patiënten daaren-
tegen, die tijdens inspanning een normale uitwas van koolzuur hadden vóór de operatie, 
ontwikkelden een ventilatiebeperking postoperatief met een significante toename van de 
zuurstofconsumptie en dientengevolge koolzuurproduktie. Het ademminuurvolume nam 
ook significant toe, maar niet voldoende om de toegenomen C02-produktie op te vangen 
met als gevolg een stijging van de PaC02. Daar het maximaal geleverd vermogen na de ope-
ratie gelijk was, was de extra zuurstofconsumptie waarschijnlijk nodig voor de extra adem-
halingsaktiviteit. Op grond van bovenstaande bevindingen werd geconcludeerd dat deze 
studie niet in staat was een verklaring te vinden voor de subjectieve lichamelijke verbetering 
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die gewoonlijk wordt waargenomen bij patiënten na operatieve behandeling voor pectus 
excavatum. 
De conclusies die op grond van dit onderzoek worden getrokken zijn: 
1. Bevredigende resultaten op lange termijn kunnen worden verkregen met een operatie-
techniek voor pectus excavatum waarbij wordt afgezien van het gebruik van intern pro-
thesemateriaal en externe tractie. 
2. Er worden significant meer diffuse en asymmetrische pectus excavatum misvormingen 
waargenomen in de oudere leeftijdsgroepen. 
3. Lichamelijke klachten zowel als psychologische/kosmetische klachten worden positief 
beïnvloed door de operatie voor pectus excavatum. 
4. Het operatieresultaat wordt niet significant beïnvloed door de leeftijd ten tijde van ope-
ratie, geslacht, type afwijking, ernst van de afwijking, symmetrie van de afwijking, de 
uitgebreidheid van kraakbeenresectie of het follow-up interval. 
5. De resultaten worden in ongunstige zin beïnvloed door het optreden van wondproble-
men als complicatie van de operatie. 
6. De effecten van de operatie kunnen kwalitatief worden beoordeeld op de achter-voor-
waartse- en kwantitatief op de dwarse röntgenfoto van de thorax. 
7. De achter-voorwaartse diameter van de thorax op de dwarse röntgenfoto is significant 
kleiner bij patiënten met pectus excavatum. Na de operatie neemt de achter-voorwaartse 
diameter op hoog en laag niveau van de thorax toe, de laatste het meest uitgesproken. 
8. De longfunctie is over het algemeen restrictief gestoord bij patiënten met pectus exca-
vatum. De restrictie neemt na de operatie toe. 
9. Een relatie tussen longfunctie en leeftijd kan niet worden aangetoond bij pectus exca-
vatum patiënten. 
10. De subjectieve lichamelijke verbetering die gewoonlijk wordt waargenomen bij patiën-
ten na operatieve behandeling voor pectus excavatum kan niet worden verklaard door 
veranderingen in cardiorespiratoire functie tijdens inspanning. 
11. De significante toename na de operatie van zuurstofconsumptie en de verzuring tijdens 
inspanning bij gelijk gebleven maximaal geleverd vermogen, suggereert dat meer spier-
aktiviteit nodig is tijdens maximale inspanning, niet bijdragend aan toename van gele-
ns 
verd vermogen, hetgeen een aanwijzing is voor verhoogde aktiviteit van de adem-
halingsspieren. 
Uiteindelijke conclusie: 
Op grond van bevredigende subjectieve lange-tcrmijnresultaten is chirurgische behandeling 
van pectus excavatum geïndiceerd voor psychologische/kosmetische klachten. In dit proef-
schrift kan geen verklaring worden gegeven voor de subjectieve lichamelijke verbetering na 
operatie voor pectus excavatum. 
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STELLINGEN 
behorend bij het proefschrift van 
W.J. MORSHUIS 
Nijmegen, 17 maart 1994 
I 
De vaststelling dat pectus excavatum een progressieve afwijking is met consequenties 
voor de ontwikkeling van de benige thorax, de houding en het psychisch- en licha-
melijk welbevinden is een argument voor thoraxwandcorrectie op jonge leeftijd. 
Dit proefschrift 
II 
Pre- en postoperatieve vergelijking alsook vergelijking van resultaten van verschil-
lende technieken van thoraxwandcorrectie kan slecht dan zinvol plaatsvinden indien 
een objectieve maat voor de ernst van de afwijking eenduidig wordt gehanteerd. 
Dit proefschrift 
III 
Dat de longfunctie bij patiënten met pectus excavatum over het algemeen restrictief 
gestoord is, is geen argument een thoraxwandcorrectie uit te voeren, aangezien de res-
trictie na de operatie zelfs toeneemt. 
Dit proefschrift 
IV 
De toename van de zuurstofopname en de verzuring tijdens inspanning na de opera-
tic, bij gelijk gebleven maximale prestatie, duidt op een verhoogde activiteit van de 
ademhalingsspieren, welke het gevolg is van een afgenomen compliance van de voor-
ste borstwand. 
Dit proefschrift 
V 
Bij ieder kind met sepsis en tekenen van hart falen moet de diagnose purulente peri-
carditis ernstig worden overwogen. 
Morshuis Wf, et al. Tijdschr Geneeskd 1991;59:36-9 
VI 
Chirurgische behandeling van acute massale longembolic is geïndiceerd bij 
die patiënten die een grote kans hebben te overlijden zonder operatic. 
Morshuis WJ, et al Ned Tijdschr Geneeskd 1990;134:1179-83 
VII 
Bij het gebruik van de arteria mammaria interna als bypassgraft dient anastomosering 
ervan voorbij de bifurcatie te worden vermeden. 
Van Son JAM et al. Ann ThoracSurg 1993;*5:106-13 
Morin JA, et al. Ann ThoracSurg 1992;54:911-4 
VIII 
De prognose van patiënten die geopereerd worden voor een postinfact ventrikelsep-
tumruptuur lijkt meer bepaald door de locatie van de ruptuur dan door infarctloca-
tic. 
IX 
Bij de beslissing een zogenaamde risicoklepprothese te explanteren, dient het risico 
van klepbreuk zorgvuldig te worden afgewogen tegen het risico van de explantatie. 
X 
Het juichen om een doelpunt is een culturele verrijking van onschatbare waarde. We 
ondergaan het kortstondige geluk omdat een lapje leer in een netje valt. Wie eenmaal 
gejuicht heeft voor een doelpunt, kan zeggen: "ik heb geleefd". 
Uit: Jan Tetteroo: De laatste NederUndse man 
XI 
Het afleggen van de witte jas door de huisarts verkleint de voor de arts-patiëntrelatic 
noodzakelijke afstand en vergroot de kans op agressie. 
XII 
Gezien de regelmatige vertragingen bij de Nederlandse Spoorwegen mag de uitdruk-
king "het loopt als een trein" niet langer als een compliment worden beschouwd. 
XIII 
De kans op de aanwezigheid van salmonella in een kippeborst is aanzienlijk groter 
dan in een trechterborst. 



